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ABSTRACT 
Until recently most sandy beach studies have made use of snapshot samples but the 
validity of this approach has been widely questioned. In this study we attempt to 
resolve this issue by repeatedly sampling two beaches using a stratified random 
design. Three sampling sessions took place, each approximately six months apart. 
The three sites on the first beach were selected according to the type of beach 
(reflective, intermediate and dissipative) with each morphological type duplicated on 
the second beach. Many of the physical variables measured had significant 
differences between the sampling sessions but only a few were significantly different 
between the Sites. Very few of the individual physical variables had significant 
relationships with the sandy beach macrofaunal abundance and density. However, 
composite indices had a greater number of significant relationships with the 
macrofaunal abundance and density. Also very few significant relationships were 
seen between the species richness and the physical variables of the beaches 
studied. Effluent line crossing frequency was the only physical variable that could 
predict species richness but it was considered a weak predictor. Changes in the 
zonation patterns within and between beaches were also investigated. The highest 
concentration of taxa and individuals was found near the low-water mark with a 
gradual reduction of both towards the high-water mark. Some of the sandy beach 
community variables (abundance, density and species richness) showed significant 
difference between the sampling sessions but no significant differences were seen 
between the two beaches. The presence of three zones was noted using MDS plots 
and Cluster diagrams. However, using a SIMPER analyses, four zones with the 
possibility of a fifth was noted. 
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CHAPTER 1: GENERAL INTRODUCTION 
Sandy beach ecosystems form transition zones between marine and terrestrial 
environments. As such, sandy beaches are dominant landscapes along most tropical 
and temperate coastlines, comprising 11–34% of the global coastline (McLachlan & 
Hesp 1984; Short 1999), and about 50% of the South African coastline (Lombard et 
al. 2004). These ecosystems, comprising only sand and water, form dynamic 
boundaries between sea and land. However, because both components are readily 
rearranged, beaches are volatile, with their landward and seaward limits fluctuating 
dramatically in time and space (Brown & McLachlan 1990). This study is concerned 
mainly with the intertidal zone; thus the term sandy beach will be used here to refer 
to that body of sand between the spring-high-water and spring-low-water marks. 
 
1.1 COMPONENTS OF A BEACH  
Sand 
Accretion of sand usually results in a steeper beach slope (Short 1999). In general, 
the strong erosion for short periods during storms is balanced by the gradual buildup 
of sand for the rest of the time (Short 1999). During erosional periods the sand is 
carried offshore, where it is stored in sand bars towards the back of the surf zone. 
When calm returns, the sand slowly moves shoreward again until it is deposited on 
the beach (McLachlan 1979). Sand can also be transported by wind, which can 
remove or deposit it on the backshore and dunes (Short 1999).  
 
Transport of sand by waves and swash may be along-shore or in an across-shore 
direction. Grain size is determined by the type and supply/input of material and the 
amount of weathering, this in turn affects porosity and permeability. The porosity and 
permeability of the sand influence drainage, which in turn is critical in determining the 
moisture content, oxygen and organic input and the depth of reduced layers 
(McLachlan 1983; McLachlan & Hesp 1984). The most important factors responsible 
for fixing porosity (the volume of void space in sand – expressed as a percentage of 
total sand volume) and permeability (rate of flow of water through sand measured in 
cm.s-1) include grain size, shape and sorting (McLachlan 1983). Determining grain 
size can be done either with a settling tube or a nest of sieves (Short 1999).  
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Waves and swashes 
Beach morphodynamics (interactions between waves, tides and sediments) 
determine, among other things, beach slope (Soares 2003). When any of the 
physical variables change (which can happen very rapidly) the morphodynamic state 
of the beach changes. There is also an inherent lagged response to these changes 
and this means that beaches are often in disequilibrium with the wave conditions 
(Short 1996). 
 
Dissipative beaches form one extreme of beach types, while reflective beaches form 
the other, with four intermediate states between them (Short & Wright 1983). 
Dissipative beaches are characterized by having fine sand, heavy wave action, a flat 
slope and a wide surf zone. Reflective beaches on the other hand have coarse sand, 
narrow intertidal zones, a steep slope and no surf zone (McLachlan 1990; Short 
1996). 
 
Swash refers to the water that runs up a beach a face from a broken wave (bore) 
(McArdle & McLachlan 1991), and the backwash is the water that runs down the 
beach. On beaches with large sand particles or pebbles, the up-running swash tends 
to drain into the beach face, thereby eliminating the backwash. Thus sand and 
pebbles are washed up the slope but not back, resulting in accreting beaches with 
steep slopes. On beaches with fine sand particles the sand stays waterlogged more 
easily and allows for a full backwash, resulting in eroded beaches with shallower 
slopes. As a rule of thumb, for any given beach, an increase in wave energy (for 
example by an increase in wave height) will flatten the beach slope (Short 1999).  
 
1.2 THE SANDY BEACH AS A HABITAT 
Sand is a dynamic substrate that provides habitats for animals in two ways. The first 
is the sandy surface and upper layer of sand that animals live on. The second is the 
interstitial habitat formed by the spaces between the sand grains (McLachlan 1983). 
Probably the biggest adaptation of sandy beach animals is their ability to burrow. 
This burrowing behavior must be rapid and powerful to prevent the animals from 
being swept away by wave action, and it allows them to keep their position on the 
shore or to regain it after it has been lost (Brown et al. 1989). Penetrability is very 
important to macrofauna as it affects the speed at which they can burrow. Resistance 
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to penetrability generally increases rapidly with depth below the surface, while it falls 
with increasing angle from the vertical (Brown & McLachlan 1990). 
 
The fauna of sandy beaches consists of the macrofauna (invertebrates larger that 1 
mm (Lawrence 1995)), the meiofauna and the microfauna (both of which are several 
orders of magnitude smaller than the macrofauna). The macrofauna and meiofauna 
are two entirely separate faunal components with virtually no overlap or exchanges of 
energy because of the size differences between these two groups (McLachlan et al. 
1981; McLachlan 1983). Due to the fact that macrofauna are far more convenient to 
work with than the smaller meiofauna and microfauna, most of the research on sandy 
beach ecology has focused on these prominent organisms (Brown & McLachlan 
1990).  
 
Finer sands result in flatter slopes, as does heavier wave action. High-energy 
dissipative conditions seem optimal for the development of a high biomass of filter 
feeders. Beach communities are normally dominated by mobile filter feeders and 
because of this the population size of filter feeders may be closely related to input of 
particulate organic material from the inshore waters. Deposit feeders may only be 
found on very sheltered beaches while supralittoral scavengers tend to dominate on 
very coarse steep beaches as a result of the absence of species in the littoral 
(McLachlan 1983). 
 
1.3 FACTORS REGULATING SANDY BEACH ECOLOGY 
Most of the sandy beach animals occur in the “biotic zone” at or near the sand 
surface. This leads to some controversy with respect to the question of whether 
beaches should be considered two- or three-dimensional (Defeo et al. 1997). The 
distribution of animals with regards to depth is probably only important when looking 
at desiccation and predation by other animals such as birds.  
 
Although not visible on the sand surface, the density of animals on exposed sandy 
beaches can reach up to 10 000 individuals m–2 of surface area (Jaramillo et al. 
2001; Dugan et al. 2003). Despite this high density, there is relatively little evidence 
to clarify the role of biological interactions such as predation, competition and 
zonation (Dugan et al. 2004). In the past it has been assumed that the structure of 
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communities living on exposed sandy beaches has been the result of the responses 
of individual species to the changes in swash climate or particle size over a range of 
beach types (McLachlan 1996). However, recent studies have challenged this view. 
For example Defeo et al. (1997) found that the distribution of two cirolanids, 
Excirolana armata and Excirolana braziliensis, could not be explained by a simple 
animal-sediment relationship. Instead, they suggested that the one species displaced 
the other towards coarse sands and upper beach levels. In a separate study, Dugan 
et al. (2004) found that competition for space between a hippid crab, Emerita 
analoga, and a bivalve, Mesodesma donacium, was indeed likely. They also 
suggested that the individuals involved in these interactions could be transported up 
the beach by swash or be exposed to turbulence towards the subtidal, resulting in 
exposure to avian or fish predators and/or dehydration. Increased transportation 
times might also reduce the time available for feeding (Dugan et al. 2004).  
 
Sandy beach fauna can also be affected by climatic disturbances. Alongi (1990) 
worked on sandy beaches in tropical areas and found that the degree to which 
seasonality affects intertidal populations depends greatly on the distance from the 
equator and the type of climate (wet or dry tropics). In the wet tropics most 
communities are exposed to low salinities and soil erosion caused by monsoons in 
the rainy season, while in the dry tropics the communities are exposed to high 
salinities and desiccation during the dry season (Alongi 1990). Bally (1987) found 
that the macrofauna along the west coast of South Africa was greatly influenced by 
the Benguela upwelling, the biomass and macrofaunal abundance was found to be 
exceptionally high along this coastline.  
 
On sheltered beaches, animals can construct semi-permanent burrows and some 
have been found to exhibit territorial tendencies (Brown et al. 2004). For example, if 
the sediment gets disturbed on sheltered beaches, it creates an opportunity to be 
invaded by opportunistic species; it may then take several years before the 
ecosystem will return to its previous state (Brown & McLachlan 1990). On 
intermediate to dissipative beaches, however, the recovery time can be much faster 
(Schoeman et al. 2000). 
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On rocky shores, many species are grazers that compete for space, whereas most 
sandy beach animals are generalists. On sandy beaches, animals can move both in 
horizontal and vertical directions. Because of this, they are not forced to compete for 
space as much as animals on rocky shores. However, species with different life 
styles, which have distribution patterns that overlap vertically in the sand column, can 
have adverse effects on each other and thus compete for space (Nel 1995). Few 
manipulative studies have attempted to quantify competition for space on beaches 
(Nel et al. 1999). One such study found no conclusive evidence for spatial 
competition at any level below abnormally high densities (McLachlan 1998). Most 
sandy beach species have different feeding methods, further reducing competition. 
Brown et al. (2004) suggested that if competition is at all present on sandy beaches it 
would be in the form of niche reduction or a reduction of reproductive potential rather 
than complete competitive exclusion. It must be noted that while most sandy beach 
species are generalists, the sandy beach biomass can be dominated by a few 
species of filter feeders (Brown & McLachlan 1990). 
 
Few studies have examined the effects that predators have on prey species on 
exposed beaches. Compared to rocky shores, competition on exposed sandy 
beaches is much less evident and it is assumed that predation is a much more 
important factor on sandy beaches than competition (Brown & McLachlan 1990).  
Predators that feed on sandy beaches include birds, fish and invertebrates. Their 
prey items may include crabs and gastropods as well as some polychaetes (Brown & 
McLachlan 1990). 
 
Small-Scale Variation 
Macrobenthic animals exhibit patchiness, zonation and fluctuations due to tidal, 
diurnal, seasonal, storm and other migrations (Bamber 1993; Defeo & Lercari 2004). 
At a small scale the main reasons for zonation on sandy beaches are exposure, 
changing wave-energy levels and sediment water content, and stability. The 
boundaries of the different zones and the fauna shift with the tides and other 
environmental disturbances. During high tide the zones tend to compress towards 
the high-water mark, although this does not apply to very sheltered beaches (Wendt 
& McLachlan 1985; Brown & McLachlan 1990; Brazeiro & Defeo 1996; Defeo & 
McLachlan 2005). 
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Beach animals can occupy substrata with a wide range of sand particle sizes, but 
they tend to have an optimum sand particle size, suggesting that the importance of 
particle size has previously been underestimated (Brazeiro et al. 1997; Brazeiro 
2001). Sand particle size affects an animal’s burrowing rate, so if particle size is not 
in the optimal range for an animal, it is possible that animal may not be able to 
burrow fast enough to escape predators or prevent being washed away by the swash 
(Brazeiro 2001). 
 
Competition has been demonstrated to occur on sandy beaches (Brown et al. 2004), 
but it does not necessarily have an effect on the distribution patterns of the animals 
that are in competition. Thus the importance of competition cannot be demonstrated 
by the presence of zonation, nor can the existence of competition be inferred 
(unambiguously) by the observation of zonation patterns (Brown et al. 2004). 
However, there is some evidence that competition does contribute to zonation 
dynamics (Dugan et al. 2004).  
 
Latitudinal Variation 
Latitude and climate affect beaches in three ways:  
• in the size and nature of the sediments;  
• in the level of wave energy; and  
• in the physical, chemical and biological impacts associated with different water 
temperatures (Short 1999; McLachlan & Dorvlo 2004). 
  
Tropical regions generally experience small tidal ranges, while temperate regions 
generally experience macro-tidal differences (Soares 2003). Mid-latitude beaches 
have also been more researched than other beaches (Short 1999). Low-latitude 
beaches are typically composed of well-weathered quartz sand, with local and 
regional dilution with carbonate sands. They are usually lower-energy, reflective 
beaches, except where exposed to larger ocean waves (Short 1999). 
 
According to Alongi (1990) it is reasonably clear that species richness and diversity 
are not greater for benthos in the tropics than they are closer to the poles. However, 
Soares (2003), McLachlan & Dorvlo (2005), McLachlan & Dorvlo (2007) found that 
species richness increases from temperate to tropical regions, whereas abundance 
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and density show the inverse, with a decrease in abundance and density from 
temperate to tropical regions.  
 
1.4 THE SOUTH AFRICAN COASTLINE 
Sandy beaches comprise about 50% of the South African coastline (Lombard et al. 
2004). There are nine marine bioregions in along the South African coastline 
(Attwood et al. 2000). Four of these are offshore and five are inshore bioregions 
(Fig. 1.1). The boundaries of the five inshore bioregions correspond closely with the 
oceanographic conditions. The West Coast Region is influenced by the northward-
moving cold Benguela current, while the East Coast, and to a lesser extent the South 
Coast Regions, are influenced by the warm southward-moving Agulhas current 
(Attwood et al. 2000; Lombard et al. 2004; Sink et al. 2004). The Transkei coastline 
falls in the Natal Region, which is an overlap region between the subtropical Delagoa 
and the warm-temperate Agulhas regions. This means that species from both the 
subtropical and warm-temperate regions may occur within this area  (Sink et al. 
2004). Beaches south from Transkei, along the adjacent Eastern Cape region, 
especially around Port Elizabeth, are among the best studied in the world (Schoeman 
& Richardson 2002) while very little is know about the Transkei beaches (Sink et al. 
2004). 
 
Transkei beaches are usually pocket beaches that occur between rocky headlands, 
are often associated with estuaries, and have moderate slopes with fine to medium 
sands low in calcium carbonate (McLachlan et al. 1981). The Transkei coastline 
experiences high summer rainfall with an average of about 1000 mm per annum 
(McLachlan et al. 1981). River run-off can greatly influence the surface water 
masses, especially in high-rainfall areas such as the Transkei (McLachlan & Hesp 
1984; Alongi 1990). Compared with other beaches, these beaches are considered to 
have an intermediate level of production (McLachlan et al. 1981b). They support 
intermediate levels of fauna on the beach (McLachlan et al. 1981b; Brown & 
McLachlan 1990).  
 
Most Transkei beaches run into small bays, which give them a gradient of exposure 
and therefore a gradient of beach types. Exposed sandy beaches from the northern 
Transkei border to East London have an exposure rating of about 13 (McLachlan et 
 8 
al. 1981b) implying moderate to heavy wave action, with deep reduced layers (if 
present at all) and no macrofaunal burrows (McLachlan 1980b).  
 
  
Fig. 1.1: The inshore biogeographic zones of the South African coastline. The 
Southwestern Cape Region and the Natal Region are considered to be overlap 
regions (Sink et al. 2004) 
 
Several physical factors have been used in the past to describe the sandy beach 
macrofaunal community. There are several problems associated with some of the 
sampling methods used in the past. The aims of this study were to examine the 
intertidal macrofaunal community variation within- and between-beaches over three 
sampling sessions, June 2003, February 2004 and June 2004, to avoid problems 
associated with snapshot sampling. At a meso-scale (within-beaches) both physical 
and biological factors affects the distribution of the macrofauna while at a macro-
scale only the physical factors affects distribution (Defeo & McLachlan 2005). Three 
sites per beach were selected to reflect the range of morphodynamic states found 
along the length of the each beach. Intertidal macrofaunal species richness, 
abundance and density were examined in relation to physical features, both 
individually and as composite indices, at various levels of elevation in the intertidal. 
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This was to examine the role of physical variables with regards to describing the 
macrofaunal community. Zonation patterns and the persistence of these patterns 
over a period were also investigated.  
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CHAPTER 2: GENERAL MATERIALS AND METHODS  
 
2.1 INTRODUCTION 
Sampling took place in June 2003 (Mngazi only due to time constraints), February 
2004 and June 2004 at two adjacent beaches on the Transkei coast. The two 
beaches between the Mngazana (31o41'29.7"S 29o25'24.9"E) and Mngazi 
(31o40'33"S 29o27'40.8"E) estuaries are accessible from the Umngazi River 
Bungalows. These beaches are relatively undisturbed because only local line 
fishermen and few tourists frequent them. The beaches are located far from major 
cities, with the closest town, Port St. Johns, being 10 km away. The two beaches 
were selected because of their accessibility and the proximity to one another for the 
macro-scale of the study. 
 
Three sample Sites were established on each beach (Fig. 2.1): one near either end 
and one equidistant between these. Landmarks and distances from fixed positions 
were used to identify the Sites on consecutive sampling trips. The three Sites on 
Mngazi Beach (sometimes expressed as Umngazi) were called AN, AM and AS 
(north, middle and south), respectively; and the Sites on Mngazana Beach were 
called BN, BM and BS (north, middle and south) (Fig. 2.1).  
 
Individual sites were expected to have different morphodynamic states, owing to their 
placement and the proximity to rocky headlands and estuary openings. Differences in 
physical features between sampling sessions were also anticipated and that these 
would be reflected in the macrofaunal community responses. Similar across-shore 
zonation patterns were expected to occur as those found in previous studies 
(Brazeiro & Defeo 1996; McLachlan 1996).  
 
On the beaches sampled, the driftline and the shoreward edge of the saturated sand 
(the effluent line), where the water table intersects the surface (McLachlan 1983), 
could be easily distinguished. These points are therefore useful as references when 
designing a sampling protocol (McLachlan & Hesp 1984; McLachlan et al. 1993; 
Jaramillo et al. 1995; McLachlan 1996). The low-water mark was identified by a step 
in the beach slope at the base of the intertidal zone. For this study, the driftline and 
the low-water mark were marked off (at each Site) and used as references. Next, an 
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area extending 25 m along shore was marked off along the drift line. The gradient of 
the beach face from the low water mark to the drift line was then determined within 
this area. This was done using a pair of graduated measuring staffs aligned with the 
horizon over the sea to determine the position above sea level at low tide. This 
approach was favored over using a theodolite because it is reasonably accurate but 
does not require heavy equipment, which in this case would have had to be carried 
long distances on foot.  
 
 
Fig. 2.1: Illustration of the sampling area and the placement of sampling Sites along 
the two beaches 
 
The sample Site was divided into five across-shore strata, between the low-water 
mark and the high-water mark, on the basis of elevation (Fig. 2.2). This was done 
because elevation is a better measure of aerial exposure (emersion) than is the 
horizontal distance from the low-water mark. The change in elevation from the low-
water mark to the high-water mark were measured and divided by 5, each with the 
same change in elevation; two supplementary strata were then added: one above the 
high-water mark and one below the low-water mark. The across-shore extent of 
these latter two strata was set as equivalent to those of the adjacent intertidal strata. 
These strata were designated S7 and S1, respectively. Unfortunately, it proved too 
difficult to sample the lowest stratum (S1) at several Sites due to the change in tides, 
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so all results from this stratum were discarded. The strata are thus numbered S2 - S7 
from the low water mark to the supralittoral.  
In some of the subsequent graphs and text abbreviated labels will be used, e.g. F4-
AM-S4. The first pair of characters will indicate the sampling session, which will either 
be February (F) or June (J), and the year 2003 (3) or 2004 (4), the second pair will 
indicate the site, Mngazi (A) and Mngazana (B), N = northern site, M = middle site 
and S = southern site. The last two characters will indicate the stratum: stratum S2 to 
S7.  
 
Fig. 2.2: Three-dimensional illustration of how a sample Site was marked out from the 
low-water mark to the high-water mark 
 
Biological samples were taken using steel corers with a sampling surface of 0.025 m2 
(180 mm diameter) to a depth of 30 cm; 20 cores were taken per stratum. A 
computer-generated random-number table was used to determine the coordinates for 
each sample. In the past, several authors have used various sized corers; 160 mm 
diameter - Bamber (1993), 200 mm diameter - Brazeiro (2001), 50 mm, 105 mm and 
195 mm diameter - James & Fairweather (2001). If large species of macrofauna, 
such as Donax serra or Emerita austroafricana, occur on a beach, then a corer with a 
larger diameter is needed. Corers with smaller diameters are more likely to cut parts 
of a larger animal off, and thus may make enumeration less precise and identification 
impossible.  
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The contents of each corer were emptied into a mesh sieve bag, having a mesh size 
of 1 mm, and the fine sand particles were washed out in the sea. There is, however, 
no universally accepted mesh size for studying beach macrofauna (McLachlan 1983; 
Jaramillo & McLachlan 1993; Jaramillo et al. 1995; McLachlan 2001).  
 
The samples were then soaked in an isotonic magnesium chloride solution to 
anesthetize and relax the animals to make identification easier. This is especially 
important when trying to identify polychaetes because these animals’ mouthparts 
protrude when they are relaxed (the mouthparts are used to identify the animals to 
species level). Each animal was then identified to the highest possible taxonomic 
resolution and archived in 10% formalin. 
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CHAPTER 3: PHYSICAL FEATURES AND MORPHODYNAMICS 
 
3.1 INTRODUCTION 
The morphology of sandy beaches is a function of their sand particle size, wave 
period and height, tide range and topographic features. These variables show 
considerable spatial and temporal variation resulting in different beach types (Short 
1996; Defeo & Gómez 2005).  
 
Several schemes have been developed to classify beaches on the basis of their 
various physical features. At the coarsest level, beaches are divided into four types 
namely: micro- (< 2 m), meso- (2 m – 4 m), macro- (4 m – 6 m) and hypertidal (> 6 
m), depending on the tidal range (McLachlan 1990b; Short 1996). Although the entire 
South African coastline is classified as microtidal it frequently experiences breaker 
heights in excess of 5 m (Lombard et al. 2004), it is thus wave dominated shoreline. 
 
Microtidal beaches can be further classified by making use of the dimensionless fall 
velocity (Ω), also called Dean’s parameter:  
T
W
H
s
b ⋅=Ω     (1) 
Here, Hb is the breaker height (m), Ws is sediment fall velocity (m.s-1) and T is wave 
period (s) (Wright & Short 1984; Short 1996).  It is important to understand that 
beach type and change are functions of at least these three variables. Short & Wright 
(1983) divided beaches according to their dimensionless fall velocity into six major 
beach types. Reflective (Ω < 2) and dissipative (Ω > 6) beaches form the two 
extremes; intermediate beaches (2 < Ω < 6) have been sub-divided into four types. 
These are characterized by having different features (arranged from reflective 
towards dissipative states): intermediate with ridge-runnel or low-tide terrace state; 
intermediate with transverse bar and rip configuration; intermediate with rhythmic bar 
and beach; and intermediate with longshore bar-trough (Short 1996). 
 
The discussion thus far of physical features and their interaction with one another, 
applies only to long sandy beaches with no boundary effects. Headlands, reefs and 
other structures can all have an impact on sandy beaches through their influence on 
waves, refraction and attenuation of longshore currents, rips and rip feeder currents 
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(Short 1996; Brown & McLachlan 1990). Headlands impact surf zone circulation 
patterns adjacent to them, with normal circulation patterns returning as the distance 
increases away from them. As headlands become more closely spaced the entire 
beach becomes increasingly influenced by the headlands. Ultimately, topographically 
controlled cellular circulation patterns called megarips prevail (Short 1996; Short 
1999).  
 
Embayments and the megarips they form also influence sandy beach erosion and 
the seaward extent of the surf zone circulation (Short 1996). Megarips have greater 
rip velocities compared to other circulation patterns, which in turn lead to greater 
beach erosion. This also means that larger sand particles are more easily 
transported and that erosion can be more rapid and severe (Short 1996; Short 1999).  
Defeo & McLachlan (2005) postulated that, on a large scale, species richness and 
abundance is controlled by physical features. The aim of this chapter is to test the 
null hypotheses of no difference between physical variables of the Sites and no 
difference between physical variables of the two beaches. All the physical features 
measured and composite indices calculated are used to test these hypotheses. In 
this chapter only the differences in physical feature measurements within- and 
between the two beaches, as well as the interaction of these physical features will be 
discussed. 
 
3.2 MATERIALS AND METHODS FOR MEASURING PHYSICAL FEATURES  
In addition to the general biological sampling protocol detailed in Chapter 2, sampling 
of the physical characteristics at each sample station took place simultaneously. 
Sampling started at the lowest stratum whenever possible, depending on the tide. To 
standardize the methods, physical measurements were taken in the first half hour of 
the incoming tide.  
 
3.2.1 BEACH SLOPE 
Beach slope between low-water and high-water marks was measured perpendicular 
to the swash zone at the center of the sampling Site using graduated poles and tape 
measure. A two-way nested ANOSIM, a rough analogue of the standard univariate 
one- and two-way ANOVA tests, was used compare different treatments against 
assemblage variation among Sites, within a condition rather than among samples 
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(Clarke & Gorley 2001). The two-way nested ANOSIM was run to test the null 
hypothesis of no difference in mean slope between sampling sessions and beach, 
with Sites nested within beaches. The ANOSIM is a very robust test and operates 
well even with considerable heterogeneity of variance as long as all samples sizes 
are equal or near equal (Zar 1999). The validity of the test is only slightly affected 
even with considerable deviations from normality (Zar 1999). 
 
3.2.2 SAND 
A corer with a diameter of 5 cm was used to take a single sand sample to a depth of 
approximately 10 cm at the low-water level, high-water level and halfway between 
them. Core samples were collected immediately adjacent to trampled areas along the 
transect (Brazeiro 2001). In the laboratory the samples were oven-dried at 60°C for 
at least 48 hours before being sieved through a nest of sieves (James & Fairweather 
1996). Sieves were sequenced as follows: 2 mm; 1.4 mm; 1 mm; 0.710 mm; 
0.500 mm; 0.355 mm; 0.250 mm; 0.180 mm; 0.125 mm; 0.090 mm and 0.063 mm. 
Data were then entered into a Microsoft Excel (Blott 2000) spreadsheet to calculate 
mean particle size, φ-value, sorting and skewness.  
 
An aliquot of sand from the three samples collected at each Site was then mixed to 
produce a composite sample for that site. This sample was also analyzed as 
described above. The June 2003 sand samples were mixed before analysis of the 
individual samples could be performed and only composite samples were available 
for this period.  
 
To test the hypothesis that mean particle size did not differ between sampling 
sessions or intertidal position, a two-way nested ANOSIM was run using elevation 
(low-shore, mid-shore and high-shore) and sampling session (February 2004 and 
June 2004) as factors. The nested two-way ANOSIM was then repeated, but 
comparison of sampling session (February 2004 and June 2004) and sampling sites 
(AN, AM, AS, BN, BM and BS), using the composite samples. A one-way ANOVA 
was done using only the Mngazi data to test for differences between the three 
individual Sites, AN, AM and AS, this was done as there was a lack of sampling 
repetition at Mngazana beach for June 2003.  
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3.2.3 SWASH PERIOD AND FREQUENCY 
Swash period was defined as the time interval between two consecutive swashes 
reaching a fixed point in the middle of the swash zone. The swash frequency was 
calculated as the inverse of the swash period.  
 
Swash period was measured as the average time it took for a swash to form by 
timing five consecutive swashes. This was done in the intertidal area of each Site. 
This cumulative measure was taken five times at each Site. A two-way nested 
ANOSIM was performed on the raw data to test the null hypothesis of no difference 
in swash periods for the two factors, beach and sampling session, with Sites nested 
within beaches. A one-way ANOVA was performed to the null hypothesis of no 
difference between the Mngazi Sites. 
 
3.2.4 EFFLUENT LINE CROSSING 
Effluent line crossing time is the time it takes for two successive swashes to cross 
effluent line. This measurement was taken adjacent to the marked-off strata. Five 
sets of five measurements each were taken from consecutive swashes and the 
average was calculated. Again a two-way nested ANOSIM was performed on the raw 
data to test the null hypothesis of no difference between the mean values according 
to the two factors, beach and sampling session, with Sites nested within beaches. 
 
3.2.5 WAVE PERIOD 
At each Site there were distinct zones in which waves were breaking. At most Sites 
there were two of these zones: one just behind the intertidal zone and another further 
seaward. Only waves that broke in the outer zone were counted. A wave was 
counted as “breaking” as soon as its crest started to spill over. Waves were counted 
in an area straight out to sea from the sampled area or just adjacent to it. The 
aggregated time it took for five consecutive waves to break was noted. This was 
repeated five times at each Site and the average of these five measurements was 
then used for the data analysis. A two-way nested ANOSIM was performed on the 
raw data, testing the null hypothesis of no differences among wave period mean 
values for the two factors, beach and sampling session. A one-way ANOVA was also 
performed to the null hypothesis of no difference between the Mngazi Sites. 
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3.2.6 BREAKER HEIGHT 
Breaker height was estimated by measuring the height of ten consecutive breaking 
waves with graduated poles set against the horizon. An observer would move up or 
down the shore looking continually at the horizon until the top of the breaking wave 
intersected the horizon, at that point a pole was placed in the sand. The height of 
each position above the water level was then measured, using graduated poles, and 
this was added to the height of the observer, up to eye level (Lastra et al. 2004). This 
was done in the same area in which wave period was measured. Again a two-way 
nested ANOSIM was done on the raw data to test the null hypothesis of no difference 
between the mean values of the two factors, beach and sampling session, with Sites 
nested within the beaches. A one-way ANOVA was used to test the null hypothesis 
of no difference for breaker height for the Mngazi Sites.  
 
3.2.7 SALINITY 
A single salinity reading, measured in parts per thousand (ppt) using an Atago Hand 
Refractometer, was taken in the swash zone at each Site. Readings were taken after 
all the other samples and measurements were done. No salinity readings were taken 
during the June 2003 sampling session due to equipment failure. 
 
3.2.8 TIDE 
Tidal range was taken from the South African Tide Tables.  
 
3.2.9 CORRELATIONS 
The Spearman Rank-Order correlation measures only the strength of association 
between pairs of variables without specifying which variable is dependant or dent 
(Zar 1999). Correlations were drawn between all pair-wise combinations of the 
physical features that were measured: beach slope (Y/X); mean sand particle size 
(only for the composite sample); swash period; effluent line crossings; wave period; 
and breaker height. This was done to investigate co-variation (Brazeiro 2001). The 
Spearman Rank-Order Correlation was selected as it does not assume normality or 
constant variance of the residuals.  
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3.2.10 COMPOSITE INDICES 
The dimensionless fall velocity and was one of the first composite indices used to 
classify beaches. Several other indices have also been proposed to compare sandy 
beaches over wider ranges in morphodynamic states (Defeo & Gómez 2005; Defeo 
& McLachlan 2005). These composite indices include:  
 
Relative Tide Range (Masselink & Short 1993)  
bH
TideRTR =     (2) 
Beach State Index (McLachlan et al. 1993) 
)1
8.0
log( +
××
×
=
TW
TideHBSI
s
b   (3) 
Beach Deposit Index (Soares 2003)  
))(
tan
1(
Mz
a
B
BDI =    (4) 
Area (McLachlan & Dorvlo 2005)   
)log(
Slope
TideArea =    (5) 
Beach Index (McLachlan & Dorvlo 2005)  
)log(
Slope
TideSandBI ×=   (6) 
 
Where Tide = maximum spring tide range (m), Ws = sand fall velocity (cm.s-1), 
Slope = intertidal beach slope, Mz = mean sand particle size (mm), Sand = mean 
sand particle size in phi units + 1 and a = 1.03125 mm is the median grain size of the 
sand particle size classification (McLachlan & Dorvlo 2005). Dean’s parameter is a 
measure of how reflective or dissipative a microtidal beach is (Short 1996). Relative 
tide range (RTR), proposed by Masselink & Short (1993), is used to indicate the 
relative importance of tides versus waves in controlling beach morphodynamics 
(Short 1996). The Beach State Index (BSI) indicates the ability of waves and tides to 
move sand (McLachlan et al. 1993). The Beach Deposit Index (BDI), originally called 
Beach Morphometric Index (BMI) uses beach slope and sand particle size to 
describe the beach (Soares 2003). Area is a measure of the intertidal area 
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(McLachlan & Dorvlo 2005). Lastly the Beach Index (BI) also measures intertidal 
area but combines it with sand particle size (McLachlan & Dorvlo 2005). 
The following indices were calculated using an Excel spreadsheet: Relative Tide 
Range (RTR), Dean’s Parameter (Ω), Beach Deposit Index (BDI), Area, Beach Index 
(BI) and Beach State Index (BSI). For each composite index a two-way was done to 
test the null hypothesis of no difference between the two factors, Site and sampling 
session. 
 
To simplify the analysis for some composite indices, only sand sample data from the 
composite sand samples was used. No significant differences between low-shore vs. 
composite, mid-shore vs. composite or high-shore vs. composite sand samples were 
observed (Section 3.3.2).   
 
3.3 RESULTS  
 
3.3.1 BEACH SLOPE 
Beach slope (Fig. 3.1 A) did not show a consistent change from one sampling 
session to the next. During June 2003 the steepest slope was found at AS closest to 
the rocky headland and on Mngazi beach. During February 2004 Site AS again 
recorded the steepest slope. At Mngazana the steepest slope was found at Site BM. 
During June 2004 most Sites had a fairly similar slope except Site AN and Site BS. 
The two Sites closest to the estuaries, Site AN and Site BS, had the gentlest slopes 
of all the Sites during all the sampling sessions. The two-way nested ANOSIM, used 
to test the null hypothesis of no difference between sampling session and beach for 
beach slope measurements, found that there were no significant differences between 
the two beaches, but there was a significant difference between two sampling 
sessions, June 2003 and February 2004 (Table 3.1). The one-way ANOVA, used to 
test the null hypothesis no difference between sampling sessions of the Mngazi sites, 
also showed no significant differences between the sampling sessions.  
 
3.3.2 SAND 
Sorting and Kurtosis  
The top layer of sand (5 cm) from most Sites was characterized by well sorted sands 
(Fig. 3.2) and only a few are moderately sorted. The moderately sorted sand samples 
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were all collected lower down on the beach during February 2004 (Site AN, Site AM 
and Site BM). Samples collected in June 2003 and June 2004 were all well sorted. 
 
Table 3.1: Two-way nested ANOSIM results showing the Site, sampling session and 
the interaction of these factors for the measurements of the physical features 
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Beach 
Slope 
Beach -0.083 0.360 100 100 64 
Month 0.125 0.533 15 15 7 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 0.250 0.667 3 3 1 
Sand 
Beach 0.630 0.980 100 100 2 
Month -0.375 0.133 15 15 13 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.250 <0.001 3 3 3 
Swash 
Beach 0.407 0.970 100 100 3 
Month -0.500 0.067 15 15 14 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.500 <0.001 3 3 3 
Effluent 
line 
Beach -0.056 0.450 100 100 54 
Month 0.000 0.333 3 3 2 
Wave 
Period 
Beach -0.167 0.110 100 100 89 
Month 0.500 0.867 15 15 2 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 0.000 <0.001 3 3 3 
Breaker 
Height 
Beach 0.241 0.810 100 100 19 
Month 0.125 0.667 15 15  5 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, June04 0.000 0.333 3 3 2 
Feb04, Jun04 0.000 0.333 3 3 2 
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Fig.3.1: Measurements for physical features. The x-axis indicate the sampling Site, 
AN – AS for Mngazi and BN – BS for Mngazana. Black bars are for the June 2003 
samples, dark gray for February 2004 samples and the light gray bars for June 2004 
samples. A – Beach slope (∆Y/∆X) ; B – Mean composite sand particle size; C – 
Swash period; D – Effluent line crossing times; E – Wave periods; F – Breaker 
heights. Panels C, D, E and F have standard error bars for the repetitive 
measurements from each Site and each sampling session 
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Fig. 3.2: Sorting of sand from three levels (A – low shore, B – mid shore, C – high 
shore) at each beach as well as the sorting index in the composite sample (D). 
Values <1 are moderately sorted and values <0.5 are well sorted 
 
Skewness varied from coarse skewed, near symmetry, to fine skewed with no clear 
pattern between sites. However, when the three sand samples (low, mid and high 
shore) of each of the Sites are pooled, the skewness results are slightly different (Fig. 
3.2). During June 2003 only one of the three Sites (Site AM) was coarse skewed. 
During February 2004, four out of the six samples displayed coarse-skewed 
distributions while two were near symmetrical, (Site BN and Site BS). All the June 
2004 samples were near symmetry.   
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Sand particle size 
Mean sand particle size ranged from 0.21 mm - 0.32 mm. The lower intertidal 
samples contained the smallest (Site BN June 2004) and the largest (Site AN 
February 2004) mean sand particle sizes (Fig 3.3). During February 2004, Mngazi 
Sites, AN, AM and AS, had the largest mean sand particle sizes for both the low- and 
mid-shore samples. The effect of these samples having the largest mean sand 
particle sizes is reflected in the composite samples for February 2004. These three 
Sites also had the largest mean particle sizes of all the composite samples. Mean 
sand particle size for the high shore samples all decreased away from the rocky 
headland that separates the two beaches. 
 
The null hypothesis of no difference between sampling position and sampling 
session, which was tested by a two-way nested ANOSIM, found significant 
differences between mean sand particle size from the different sampling sessions, 
June 2003 vs, June 2004 and February 2004 vs. June 2004 (Table 3.1). One-way 
ANOVA, used to test the null hypothesis of no difference between the sampling 
sessions at Mngazi, showed no significant differences between the three sessions.  
 
3.3.3 SWASH PERIOD AND FREQUENCY  
The longest swash periods were measured at the northern end of each beach (Fig. 
3.1 C), except during June 2003, when the longest swash periods occurred in the 
middle of the beach. Except during June 2003, the swash periods decreased from 
the southern part (AS and BS) of the beach to the northern part of the beach (AN and 
BN). The two-way nested ANOSIM, used to test the null hypothesis of no difference 
between sampling session and beach, with Sites nested within beaches, found 
significant differences between the sampling sessions, June 2003 vs. June 2004 and 
February 2004 vs. June 2004 (Table 3.1). The one-way ANOVA, used to test the null 
hypothesis of no difference between the sampling sessions at Mngazi, found no 
significant differences for the three different sampling sessions.  
 
3.3.4 EFFLUENT LINE CROSSING  
During February 2004 the effluent line crossing time decreased away from the 
estuaries towards the rocky headland (Fig. 3.1 D). In June 2004 the longest effluent 
line crossing times were found at the middle Sites, AM and BM. The two-way nested 
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ANOSIM, used to test the null hypothesis of no difference between sampling session 
and beach, found no significant differences between the two factors (Table 3.1).  
   
3.3.5 WAVE PERIOD 
At Mngazi from Site AN to Site AS wave period decreased during June 2003 
(Fig. 3.1E), increased during February 2004 and decreased again during June 2004. 
At Mngazana wave period increased from Site BN to BS during February 2004, but 
during June 2004 the lowest wave period occurred in the middle of the beach, and 
not at one end. The null hypothesis of no difference between sampling sessions and 
beach, which was tested by a two-way nested ANOSIM, found the differences 
between the sampling sessions, February 2004 vs. June 2004 to be significant 
(Table 3.1). 
 
3.3.6 BREAKER HEIGHT  
During June 2003 the breaker height increased towards the rocky headland (Fig. 
3.1 F). In February 2004 the breaker height decreased towards the rocky headland. 
In June 2004 the pattern of decrease towards the rocky headland was repeated. The 
two-way nested ANOSIM, used to test the null hypothesis of no difference between 
sampling session and beach, found no significant difference between the sampling 
sessions or Sites but (Table 3.1). The one-way ANOVA, used to test the null 
hypothesis of no difference between the sampling sessions at Mngazi, found a 
significant difference between two sampling sessions (June 2003 vs. June 2004 
Global DF=2, H=8.624, p < 0.05, DF = 90). However, the equal variance test was 
failed and the results have to be interpreted with caution.  
 
3.3.7 SALINITY 
Table 3.2 shows the salinity readings for February 2004 and June 2004. The 
February 2004 readings varied between 32 ppt and 37 ppt, with no distinguishable 
pattern among the different Sites. The maximum and minimum readings, however, 
did occur at the two Sites on either side of the rocky headland, Site AS and Site BN. 
The June 2004 water samples all had a salinity of 35 ppt. 
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3.3.8 TIDE 
During February 2004 the tidal ranges were fairly constant across sites and had a 
smaller tidal range than the other two sampling sessions. The three samples that had 
tides greater than 3.5 m (Fig. 3.4) resulted in RTR values greater than 2.  
 
Fig. 3.3: Mean sand particle sizes for low-, mid- and high-shore sand samples at 
each Site for the different sampling sessions 
 
Table 3.2: Salinity readings (ppt) taken during 2 sampling session 
Sampling Date Site 
 AN AM AS BN BM BS 
February 2004 36 33 37 32 34 35 
June 2004 35 35 35 35 35 35 
 
 
3.3.9 CORRELATIONS 
Only two pair-wise correlations among the six different physical features measured 
were significant (Fig. 3.5) and both involved swash period: swash period vs. mean 
 27 
sand particle size (composite sample); and, swash period vs. beach slope (Y/X) 
(Table 3.3).  
 
3.3.10 COMPOSITE INDICES  
Using Dean’s parameter, for June 2003 Site AN was classified as reflective, Ω < 2, 
while the other two Sites were classified as dissipative, Ω > 6 (Fig. 3.6). For February 
2004 all the Sites were intermediate, 2 < Ω < 6. During June 2004 most Sites were 
intermediate, with Site BN and Site BM being dissipative. The RTR values are all < 3 
except for one Site, Site AN June 2003. BSI ranged from 1.024 – 1.470, BDI from 
35.997 - 169.682, Area from 1.322 - 1.931, and BI from 1.747 – 2.424. 
 
BDI, Area and BI are the only composite indices that show significant interactions 
among the individual sampling session (Table 3.4). None of the other indices show 
any significant differences between the different sampling sessions or between 
beaches.  
 
 
Fig. 3.4: Tidal ranges for the different Sites and for the three sampling sessions. Note 
the three samples above 3.5 m 
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Table 3.3: Correlations between physical features - Spearman Rank Order 
Correlation results, (Samples = 15, except for Effluent Line Crossings correlations 
Samples = 12) 
Swash 
period 
CC = -0.667 
p = 0.006 
 CC = Correlation Coefficient 
    
Effluent 
LC 
CC = -0.190 
p = 0.542 
CC = 0.273 
p = 0.377 
   
   
Wave 
Period 
CC = -0.353 
p = 0.189 
CC = 0.175 
p = 0.523 
CC = 0.014 
p = 0.956 
  
  
Breaker 
Height 
CC = 0.078 
P = 0.773 
CC = -0.005 
p = 0.974 
CC = -0.0979 
p = 0.749 
CC = 0.161 
p = 0.558 
 
 
Y/X 
slope 
CC = 0.425 
P = 0.110 
CC = -0.624 
p = 0.0123 
CC = -0.558 
p = 0.055 
CC = 0.068 
p = 0.802 
CC = 0.163 
p = 0.549 
 Sand Swash period Effluent LC 
Wave 
Period 
Breaker 
Height 
 
 
 
Fig. 3.5: The only two significant correlations between the physical features. A - 
Swash period vs. Mean Sand Particle Size and B - Swash Period vs. Beach 
Slope (Y/X) 
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Table 3.4: Two-way nested ANOSIM results for the various Composite indices, 
comparing the different sampling sessions and beaches  
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Deans 
Beach 0.259 0.880 100 100 12 
Month 0.250 0.667 15 15 5 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.000 0.333 3 3 3 
RTR 
Beach 0.111 0.750 100 100 25 
Month 1.000 0.933 15 15  1 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 1.000 0.667 3 3 1 
BSI 
Beach -0.056 0.420 100 100 58 
Month 1.000 0.933 15 15 1 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 1.000 0.667 3 3 1 
BDI 
Beach 0.111 0.680 100 100 32 
Month -0.125 0.400 15 15 9 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 -0.250 <0.001 3 3 3 
Area 
Beach -0.056 0.450 100 100 55 
Month 0.375 0.733 15 15 4 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 0.500 0.667 3 3 1 
BI 
Beach -0.056 0.480 100 100 52 
Month 0.250 0.733 15 15 4 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 1.00 0.667 3 3 1 
Feb04, Jun04 0.500 0.667 3 3 1 
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Fig. 3.6: Calculated values for the various composite indices: A – Dean’s Parameter, 
B – Relative Tide Range, C – Beach State Index, D – Beach Deposit Index, E – Area 
and F – Beach Index. The three RTR values above 2 are probably due to the tidal 
range that may have been caused by heavy wave action the previous night. 
 
3.4 DISCUSSION 
Transkei beaches in general are pocket beaches with moderate slopes and fine to 
medium sand, with Mngazi and Mngazana not being exceptions to this, which means 
that they are most likely influenced by rocky headlands and other topographic 
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features (McLachlan et al. 1981b; Sink et al. 2004). This also means that these two 
beaches may well have cellular circulation patterns, although this needs testing.  
 
Beach slope is considered the most important of physical features when predicting 
macrofaunal abundance and species richness (McLachlan & Dorvlo 2005). The 
increase in slope towards the rocky headland, caused by the prevention of sand 
movement, shows the boundary effect that the headland has on the two beaches 
(Short 1996). Although not significantly different, the effect of the estuaries on the 
beach slope was seen with the gentlest slopes closest to the estuaries, caused by 
the continuous erosion by river-runoff and the lack of dunes above the intertidal zone. 
Another factor that affects beach slope near estuary mouths is the level of saturation 
of the sand near the estuary mouth. Saturated sand allows for greater up-wash and 
back-wash and thus greater erosion.  
 
The presence of estuaries may be the cause for the difference in sand particle sizes 
seen between the two beaches. The Mngazi estuary is a temporary open/closed 
system, whereas the Mngazana estuary is permanently open. It is therefore possible 
that there is a continuous input of fine sand particles and mud from the Mngazana 
estuary but not from the Mngazi estuary. Thus the position of the estuaries may 
influence sand particle size.  
 
High-shore sand samples show similar spatial patterns for February 2004 and June 
2004 with mean particle size decreasing away from the rocky headland. It is also the 
only sample set that shows the same pattern of increase/decrease for both beaches 
and for both sampling sessions. Variables affecting sand transportation higher up on 
the beach appear not to have changed between two sampling sessions. Sand 
movement in the low- and mid-shore zones are more likely influenced by water 
transportation, while the high-shore zone are more likely to be influenced by wind 
transportation. The physical measurements in this study therefore affected mean 
sand particle size higher up the shore-line to a lesser extent than the sand samples 
taken lower down the shore-line.  
 
Composite samples from Sites AN, AM, AS and BM had the largest mean particle 
size. This is due to the low-shore samples having very coarse mean sand particle 
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size. Samples that deviate the most from the other samples have the greatest effect 
on the mean sand particle size. Mean values therefore, must be treated with caution 
and individual samples must also be considered. 
 
Mean sand particle size from both beaches ranged from 0.21 mm - 0.32 mm. 
Wooldridge et al. (1981) found a mean sand particle size range of 0.29 mm – 
0.53 mm over a wider geographic range. For both studies, sand samples were taken 
at the similar elevations at low shore, mid shore and high shore. Mpande 
(Wooldridge et al. 1981), located closest to Mngazi and Mngazana, had a mean sand 
particle size range of 0.34 mm – 0.46 mm. This falls just outside the sand particle 
size range found in the present study.   
 
The sorting index is a measure of the uniformity of sand particle size in sediment, 
which is usually based on the particle size-frequency curve (Lawrence 1995). The 
three samples that had moderately sorted sand were all low-shore samples. It may 
be expected that these low-shore samples will be poorly sorted as they are 
continually moved around and reworked by swash activity. These samples also had 
larger sand particle sizes than most of the other Sites, which added to the poor sand 
sorting. Larger sand particles require more energy to be moved around. As waves 
dissipate on a beach energy is lost and this reduces the means to move larger 
particles. It would thus be expected that mean particle size will be greater lower down 
the beach (Brown & McLachlan 1990). 
 
Beach slope is closely related to swash climate. This interaction is highlighted by the 
significant correlation between these two features. As the beach slope flattens, 
swash conditions become less harsh. This is indicated by longer swash periods and 
less turbulence (McArdle & McLachlan 1991; McLachlan & Dorvlo 2005). 
 
None of the other physical variables show the same pattern when compared to 
swash period. Values to the northern end of both beaches were the highest. All other 
physical variables either have patterns with highest or lowest values at the center of 
the beach or towards the rocky headland that separated the two beaches. Swash 
period may be the best indicator that reflects the degree of how dissipative a beach 
is, with a slow, regular swash frequency present on dissipative beaches and a fast, 
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irregular swash on reflective beaches. All other measures are prone to changes over 
a short term (both time and space). Swash period might change rapidly, but it would 
retain the pattern because it is closely related to the beach slope (Brown & 
McLachlan 1990).  
 
Effluent line crossings show an inverse trend to high-shore sand particle size. As 
particle size increases, the effluent-line crossing time decreases. Larger sand 
particles allow water to percolate faster into the beach slope than finer sand particles 
(Brown & McLachlan 1990; Short 1999), which in turn means that there will be less 
up-wash and even less back-wash with fewer effluent line crossings. An effluent line 
higher up on the beach slope (which may be caused by freshwater input) will allow 
for only large swashes to cross it, and in doing so increase the effluent line crossing 
time.  
 
Waves are formed over vast expanses of ocean surface and express themselves 
more or less uniformly across the coastline, they are unlikely to be responsible for 
changes in other more localized physical variables, such as beach slope and sand 
particle size (Short 1996). The two major patterns in the wave periods showed 
possible seasonal differences between the different beaches. It is unclear why there 
is a decrease in wave period towards the rocky headland for one sampling session 
and the opposite trend during the next sampling session. A possible explanation may 
be the direction from which the waves approach as well as their origin (Short 1996). 
 
Highest and lowest breaker heights were recorded during June 2003, which shows 
how variable this physical feature is and how quickly it can change. Short (1996) 
suggests that, wave height should be used only as a guide for classifying beaches 
with similar wave periods and sediment size. The importance of breaker height in 
classifying beaches may thus have been overemphasized in the past.  
 
The sub-tidal topography of the two Sites probably differs a great deal, resulting in no 
significant differences between sampling session or beach. The three Mngazi Sites, 
does not show significant differences between them. Since there were no differences 
between the two beaches and between the two sampling sessions it is likely that 
there will be insufficient contrast in breaker height to allow for breaker height to be a 
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useful predictor of macrofaunal abundance, density or species richness between the 
beaches. Sandy beach macroinfauna along these two beaches are probably exposed 
to the same breaker height conditions. 
 
Salinity from the open ocean varies within a narrow range of 34 – 37 ppt, with an 
average of about 35 ppt (Short 1996). Coastal salinities are, however, highly variable, 
especially in the tropics and in high rainfall areas (Alongi 1990). In a study done on a 
beach in Stanswood Bay, Carlshot, Hampshire, UK, salinity only varied between 34 
and 36ppt over a four-year sampling period (Bamber 1993). These differences in 
coastal salinity may be caused by evaporation, precipitation and upwelling (Alongi 
1990).  
 
The variation in salinity observed during February 2004 (32 – 37 ppt) may be due to 
the fact that the Transkei region experiences more rainfall during the summer months 
(McLachlan et al. 1981) and thus greater amounts of river run-off. The very slightly 
hyper-saline conditions were most likely caused by evaporation. There were no clear 
patterns in variation of the February 2004 readings. A reason for this may be the 
input of fresh-water from the estuaries. The variation between Site AS and Site BN 
would suggest fresh-water input at Site BN, probably from the water table at 
Mngazana, but the rocky headland prevented this low-salinity water from affecting 
the salinity reading at Site AS.  
 
During June 2004 the salinity readings at all the Sites were 35 ppt. An onshore wind 
was blowing when these samples were taken. Well-mixed surface waters from the 
open sea may have been blown onshore and thus may have masked any potential 
effects of fresh water entering the sea via the beach or adjacent estuaries. Because 
sandy beach animals experience extreme conditions, such as fresh water input at 
one extreme and desiccation at the other, small changes in salinity would be 
expected to have hardly any affect on the macroinfauna.  
 
The whole South African coastline is considered uniformly microtidal (Brown & 
McLachlan 1990). In a previous study done in the Transkei, Wooldridge et al. (1981) 
measured tidal ranges of 1.8 m to 2.5 m from the low-water mark up to the high-water 
swash line, with a beach slope of 0.028 to 0.100. Dye et al. (1981) measured a tidal 
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range of 2 m to 3 m and a beach slope of 0.200 to 0.048 along the Kwazulu-Natal 
coastline. In this study tidal range varied between 1.75 m and 3.88 m, more than 1 m 
higher than what Wooldridge et al. (1981) found and just under 1 m higher than what 
Dye et al. (1981) found. Beach slope during this study ranged from 0.025 to 0.095, 
which is similar to what Wooldridge et al. (1981) found but less steep than what Dye 
et al. (1981) found. These older studies did, however, not measure breaker height, 
wave period or swash period, which is limiting when trying to compare beaches. In a 
more recent study along the west coast of South Africa, Soares et al. (1996) 
calculated Dean’s parameter which ranged from 0.43 to 11.56. This is a much 
greater range that what was found in this study, but was also done over a much 
greater geographic range. 
 
Composite indices have been used with various degrees of success to predict 
abundance, density or species richness of macrofaunal communities (Nel 2001; 
McLachlan & Dorvlo 2005)). However, some individual physical features, such as 
beach slope and swash period, have shown better regressions for macrofauna 
community responses at a global scale than composite indices (Defeo & Gómez 
2005; McLachlan & Dorvlo 2005).  
 
In June 2003 the Sites varied from dissipative to reflective. Site AN was the most 
exposed of all the sites and was classified as dissipative; it had the lowest breaker 
heights during most of the sampling sessions, with all the breakers having an almost 
uniform height.  The majority of Sites from the different sampling sessions show that 
Mngazi and Mngazana are overall intermediate beaches.  
 
RTR and Ω are  used jointly to classify beaches. RTR values < 3 means that the 
beach must be classified according to Ω (Short 1996). When RTR > 3 and < 15 then 
three beach types are distinguished: low tide terrace, reflective; low tide bar/rip, 
intermediate; and ultra-dissipative, dissipative. Thus, with the exception of Site AN in 
June, Ω can be used to classify all the Sites as reflective, intermediate or dissipative. 
The high value for Site AN June 2003 may have been caused by exceptionally high 
waves, with stronger swashes moving further up the beach face, resulting in an 
incorrect tidal range measurement. This would mean that Ω may have been 
overstated during June 2003 for Site AN. 
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All Sites are classified as high-energy intermediate/dissipative beaches using the BSI 
(McLachlan et al. 1993). The BI gave similar results with all the Sites being classified 
as intermediate beaches (McLachlan & Dorvlo 2005). The classification of the 
different Sites varies, depending on the type of composite index used.  
 
Most physical features are interrelated or dependent on one another. If one feature 
changes it may cause changes in most of the other physical features. These 
responses to change, usually changing wave conditions, can lag behind by days to 
weeks (Wright et al. 1984; Short 1996). Due to this lagged response beaches are 
usually in disequilibrium (Short 1996).  
 
McLachlan and Dorvlo (2005) used data from 161 beaches from around the world 
and plotted the following features against one another: sand, wave, log Tide, log 
1/Slope and latitude. McLachlan & Dorvlo (2005) found significant regressions 
between log tide vs. sand particle size, log tide vs. wave height, log 1/slope sand 
particle size, log 1/slope vs. wave height and log 1/slope vs. log tide. Because 
microtidal beaches are considered wave-dominated beaches, tide plays a minimal 
role in structuring the beach (Short 1996). Removing tide from McLachlan and 
Dorvlo’s (2005) list leaves only two significant regressions between the remaining 
physical variables, which is the same number of significant correlations found for this 
study. Defeo & Gomez (2005) measured in total six physical variables but did not find 
any significant correlation between any of them. 
 
The significant correlations between some of the physical features, as well as some 
of those that are non-significant may be explained by the relatively few sampling 
sessions. Another explanation is that each of the three Sites on the two beaches was 
not independent of one another. This means that each site was not a true replicate 
and the dependence of the physical variables may also affect the correlation strength 
between these variables. 
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CHAPTER 4: SPECIES RICHNESS, ABUNDANCE AND DENSITY OF SANDY 
BEACH MACROFAUNA 
 
4.1 INTRODUCTION 
Species richness can be defined as the number of species within a given area 
(Lawrence 1995). Macrofauna are not evenly distributed along-shore, instead they 
occur in patches as the result of sorting by swash, distance from estuaries and 
localized food concentrations or biological aggregations of species (McLachlan 1983; 
Schoeman & Richardson 2002). The across-shore abundance of species generally 
increases from the high- to low-water mark (McLachlan 1990; Jaramillo et al. 1995; 
McLachlan & Dorvlo 2005). 
 
It is postulated that on a large scale, species richness is controlled by physical 
features, while biological interactions become more important on a smaller scale and 
under more dissipative conditions (Defeo et al. 1997; Defeo & McLachlan 2005). 
However, some species are more adaptive to environmental conditions and are 
capable of occupying beaches across the different beach types, while species that 
are restricted to dissipative beaches are more sensitive to harsh environments 
(McLachlan & Dorvlo 2005). All hypotheses that try and explain species richness, 
such as the swash exclusion hypothesis (McLachlan et al. 1993), the multiscale 
environmental severity hypothesis, the habitat harshness hypothesis and the 
hypothesis of habitat safety (Brazeiro 2001; Defeo et al. 2003; Lastra et al. 2004; 
Defeo & Gómez 2005), have been tested and/or formulated for separate beaches but 
have not been tested along the length of a single beach. 
 
The along-shore distribution of sandy beach macrofauna tends to be unimodal, bell 
shaped within a beach, with decreasing abundance from the central region towards 
its boundaries (Schoeman & Richardson 2002). However, disturbances can cause 
these bell shaped distributions to change to asymmetrical distribution patterns 
(Schoeman & Richardson 2002). However, on uniform beaches, beaches without 
cusps and berms, the sandy beach community may exhibit a well-defined structure, 
but with significant across- and along-shore variations (McLachlan & Hesp 1984; 
James & Fairweather 1996).  
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There are several hypotheses that describe the change in communities along the 
morphodynamic gradient from reflective to dissipative beaches. The autecological 
hypothesis states that sandy beaches are physically controlled environments where 
communities are structured by the independent responses of species to the physical 
environment with biological interactions being minimal (McLachlan 1990; Defeo & 
McLachlan 2005). The swash exclusion hypothesis, proposed by McLachlan (1993), 
was developed from the autecological hypothesis (Brazeiro 2001; Lastra et al. 2004; 
Defeo & McLachlan 2005). The swash exclusion hypothesis states that it is the 
swash climate that limits the distribution of fauna, with reflective beaches having the 
harshest swash climate and the lowest abundance (McLachlan 1990). The multiscale 
environmental severity hypothesis was proposed by Brazeiro (2001) and suggests 
that environmental variables cannot be separated and thus it is several physical 
variables that work together to limit faunal distribution, with an increase in abundance 
from reflective to dissipative conditions.  Defeo et al. (2003) merged the autecological 
hypothesis and the swash exclusion hypothesis into the habitat harshness 
hypothesis. This hypothesis predicts that not only community characteristics, but also 
various population features (abundance, fecundity, growth and survival), increase 
from reflective to dissipative conditions. The habitat harshness hypothesis was 
formulated for species living in the swash zone as well as for species immediately 
landwards of this zone (Defeo et al. 2003; Defeo & Gómez 2005). However, 
supralittoral species are less influenced by the physical features that affect the 
intertidal species (Defeo & McLachlan 2005). Defeo & Gómez (2005) demonstrated 
that the supralittoral isopod Atlantorchestoidea braziliensis showed population 
responses opposite to what the habitat harshness hypothesis predicted. Defeo & 
Gómez (2005) formulated the hypothesis of habitat safety which states that the 
combination of narrow swashes and steep slopes makes reflective beaches a more 
stable and thus a safer environment for supralittoral species (Defeo & Gómez 2005). 
 
The first aim of this chapter was to test the null hypothesis that none of the physical 
variables and composite indices could determine the species richness, abundance 
and density of the sandy beach macroinfauna. The second aim of this chapter was to 
test the null hypothesis of no difference of macrofaunal abundance and density 
between the sites and the between the two beaches.  
 
 39 
4.2 MATERIALS AND METHODS 
 
4.2.1 OBSERVED SPECIES RICHNESS PER SITE 
The number of observed species for each Site and sampling session was plotted to 
examine variation in patterns. After the initial plot, unique species (one or more 
specimens of a single species that occurred in a single corer) and singletons (a 
species represented by a single specimen among all samples (cores) at a site) were 
removed. This was done to investigate the impact these species had on the overall 
species count. For the second plot, species present in less than five corers were 
removed. This mathematical process was again repeated, but for species that 
occurred in less than ten corers. This was done to examine how the species with 
moderate abundance affected the overall species count. 
 
4.2.2 SPECIES RICHNESS VS. PHYSICAL VARIABLES 
Regression analyses were used to investigate the relationships between 
measurements of species richness and various indices of the physical beach 
environment. Linear regressions were used for species richness vs. mean sand 
particle size from different elevations, beach slope, effluent line crossing frequencies 
and composite indices. With most of the variables, the variation, is expected to occur 
will fall in a narrow range of that found along sandy beaches (both beaches are 
classified as dissipative). Because of this a linear model is selected instead of other 
models. Sand samples from different elevations vs. species richness were examined 
separately. Multiple-linear regressions were run for species richness vs. swash 
period, wave period, breaker height and mean sand particle size (for the composite 
sample). The statistics program, Primer, removed beach slope from the analysis due 
to its multi-co-linearity with other physical variables.  Beach slope was examined 
separately. 
 
4.2.3 MACROFAUNAL ABUNDANCE AND DENSITY  
Macrofaunal abundance and density were plotted per beach and per Site and 
examined for possible patterns of distribution. Within-beach differences were 
examined using a two-way ANOVA to test the null hypothesis of no difference 
between sampling session and Site. This was done for both macrofaunal abundance 
and density.  
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Between-beach differences were examined using a two-way nested ANOSIM to test 
the null hypothesis of no difference between the sampling session and beach. This 
was done for both macrofaunal abundance and density. The two-way nested 
ANOSIM was repeated for abundance and density of the whole beach as well as the 
abundance and density of the individual strata. 
 
Multiple linear regression analyses and simple linear regressions were used, for both 
within- and between-beach variation, to investigate the relationships between 
measurements of abundance and density vs. physical variable. With the initial 
multiple linear regression analysis the statistics program warned that beach slope 
was multi-co-linear with the other physical variables. Because of this multi-co-linearity 
beach slope was examined separately. Gaps in the effluent line crossing frequencies 
data prevented it from being included in the multiple linear regressions. The sand 
samples from different elevations vs. abundance and density was examined 
separately. Sand samples from the low-shore were plotted against abundance and 
density of strata S1 and S2; sand samples from the mid-shore were plotted against 
abundance and density of strata S3 and S4; and sand samples from the high-shore 
were plotted against abundance and density of strata S5 and S6. The regressions 
were performed on the abundance and density of the whole beach as well as that of 
the individual strata. 
 
4.3 RESULTS  
 
4.3.1 OBSERVED SPECIES RICHNESS PER SITE 
A total of 22 species were found during this study. The number of species varied 
between 8 and 16 per Site during all the sampling sessions (Fig. 4.1). Sampling 
sessions June 2003 and February 2004 produced the lowest variation with regards to 
species count, 9 to 12 species per Site, while June 2004 had the greatest variation in 
species count. The upper and lower counts both occurred at Mngazi, at Sites AN and 
Sites AS, respectively. For February the lowest number of species was found at Site 
AN, no variation was found from Site BN to Site BS. For June 2004 the highest 
number of species was found at Site AN and Site BM and the lowest at Site AS and 
Site BN for Mngazi and Mngazana respectively. At Mngazana the maximum and 
minimum species count varied by 2 species for the two respective sampling sessions. 
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At Mngazi the species count varied by 8. There was a decrease in number of species 
on Mngazi Beach from Site AN to Site AS for June 2003 and for June 2004.  
 
Only the June 2003 range in species count changed after removing the singletons 
and uniques. There were only three species that were singletons or uniques, 
Amphipod A, Polychaete B and Pisione africana. Capitella capitata, Exosphaeroma 
truncatitelson, Orbinia angrapequensis and Pisionidens indica, were each found at 
only two Sites (Appendix 2). When species that occurred in fewer than 5 corers were 
removed the picture remained much the same, with only June 2004 showing less 
variation. When the species that were found in fewer than 10 corers were removed, 
the variation in each sampling session was reduced by only 1 or 2 species (Fig. 4.1) 
and species count ranged from 6 to 10 species. Removing rare species did not 
substantially change the rank order within or among Sites, but it did reduce the 
variability in both. 
 
Eurydice kenslii and Gastrosaccus bispinosa (Appendix 2) were the only species that 
were found at all the Sites during all three sampling sessions. Bullia rhodostoma was 
found during all sampling sessions and at all the Sites except one, Site BS June 
2004. Three other species, Emerita austroafricana, Excirolana natalensis and 
Glycera tridactyla, were also found during all three sampling sessions and at all the 
Sites except one, Site AS June 2004, Site BM February 2004 and Site BN June 
2004, respectively. Orbinia angrapequensis and Talorchestia capensis were found 
during both June sampling sessions, but not during the February 2004 sampling 
session (Appendix 2). Exosphaeroma truncatitelson was found only during the June 
2004 sampling session. 
 
4.3.2 SPECIES RICHNESS VS. PHYSICAL VARIABLES 
The relationship between species richness vs. sand particle size from different 
elevations it was found that none of the regressions (S2 and S3 vs. low-, S4 and S5 
vs. mid-, and S6 and S7 vs. high-shore sand samples, were significant (Table 4.1). 
The relationships between species richness vs. beach slope (R2 = 0.052, F = 0.707, 
p = 0.416, Intercept = 0.775, Slope = -1.515) and species richness vs. effluent line 
crossing time (R2 = 0.016, F = 0.159, p = 0.699, Intercept = 0.671, Slope = 0.002) 
were also found not to be significant. A multiple linear regression was used to 
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investigate the relationship of species richness vs. swash period, wave period, 
breaker height or mean sand particle size. This was done to examine if any of these 
physical variable could predict species richness for the two beaches. The multiple 
linear regression was found not to be significant (R2 = 0.328, F= 1221, p = 0.362, DF 
= 14). Linear regressions for species richness vs. composite indices (Dean’s 
parameter, RTR, BSI, BDI, Area and BI) were also found not to be significant (Table 
4.2).  
 
Table 4.1: Linear regression results of species richness vs. mean sand particle size 
from the different elevations, low-, mid- and high-shore sand samples from. Mean 
sand particle size of the low-shore sand samples vs. species richness of strata S2 
and S3; sand particle size of the mid-shore sand samples vs. species richness of 
strata S4 and S5; and sand particles size of the high-shore sand samples vs. species 
richness of strata S6 and S7 
 
 Low shore Mid shore High shore 
S2 S3 S4 S5 S6 S7 
Low-, mid-, high-shore 
sand samples (DF = 11) 
Spp. Richness = Intercept 
+ (Slope x Sand Particle 
Size) 
R2 – values <0.001 0.001 0.068 0.007 0.241 0.015 
F – values 0.003 0.011 0.727 0.071 3.172 0.154 
p – values 0.958 0.920 0.414 0.796 0.105 0.703 
Intercept 0.309 0.351 0.071 0.164 -0.088 0.025 
Slope -0.044 0.044 0.777 0.222 0.823 0.174 
 
Table 4.2: Linear regression results for species richness vs. composite indices.  
Linear regressions were for species richness of the whole beach vs. composite index 
(for all the calculated indices) as well as for species richness of the individual strata 
vs. composite indices (for all the calculated indices) (Species Richness = Intercept + 
[Slope*Composite Index], DF = 14 for all) 
 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.028 0.052 0.061 0.091 0.007 0.013 
F - values 0.379 0.713 0.845 1.301 0.089 0.168 
p - values 0.549 0.414 0.375 0.275 0.771 0.688 
Intercept 12.497 10.051 15.173 9.753 9.704 8.802 
Slope -0.242 0.664 -3.202 0.016 0.870 1.095 
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Fig. 4.1: Range A-D is the differences between maximum and minimum species 
count of all the sites for the individual sampling sessions; in range B the singletons 
and uniques are removed; in range C species occurring in less than five corers are 
removed; and in range D species occurring in less than nine corers are removed. 
Figures E-F is the species count for the individual sites during the different sampling 
sessions. The same procedures of removing species in range B-D is done for figures 
F-G respectively (see Appendix 2). 
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4.3.3 PATTERNS OF ABUNDANCE AND DENSITY BETWEEN BEACHES 
During February 2004 and June 2004 all sites on Mngazi beach had a lower 
macrofauna density than those at Mngazana beach (Fig. 4.2). During the February 
2004 sampling session abundance for both beaches was lower than those sampled 
in June 2004 sampling session (Fig. 4.2). There is no pattern (Fig. 4.3) of where the 
highest and/or lowest abundance or densities were found along or between the two 
beaches except for macrofaunal density at Mngazana during February 2004 and 
June 2004. During some sampling sessions, highest abundance occurred at middle 
Site, but during the following sampling session the highest abundance was found at a 
different Site. Abundance and density fluctuated considerably with neither of the two 
beaches appearing to have an overall greater abundance and/or density.  
 
 
Fig 4.2: Macrofaunal density (A) and abundance (B) for the two beaches and 
sampling sessions 
 
4.3.4 WITHIN-BEACH DIFFERENCES  
 
Mngazi Beach 
The two-way ANOVA, used to test the null hypothesis of no difference between the 
sampling sessions and Sites at Mngazi, found no significant differences among these 
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two factors for abundance or density (Table 4.3, Fig. 4.4 and Fig. 4.5). The multiple 
linear regression, used to investigate the relationship between abundance and 
density vs. physical features, were found to be not significant (Abundance R2 = 0.547, 
F = 3.024, p = 0.071, DF = 14; Density R2 = 0.156, F = 0.461, p = 0.763, DF = 14). 
There were no significant linear regressions that were used to investigate the 
relationship between the abundance and density of low-, mid- and high-shore strata 
vs. mean sand particle size of the different elevations at Mngazi (Table 4.4). There 
were also no significant linear regressions with composite indices vs. abundance and 
density.  
 
 
Fig 4.3: Across-shore macrofaunal density (A) and abundance (B) for the different 
Sites and sampling sessions.  
 
Mngazana Beach 
The two-way ANOVAs, that were used to test the null hypotheses of no difference in 
abundance and density between the sampling sessions and Sites, showed no 
significant differences (Table 4.3, Fig. 4.4 and Fig. 4.5). None of the linear 
regressions, used to investigate the relationship between abundance and density vs. 
beach slope, were found to be significant at Mngazana (Table 4.5). There were no 
linear regressions that were significant, between abundance and density vs. the 
composite indices (Table 4.9). 
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Fig. 4.4: Density and abundance for the S2, S3 and S4 strata for the different Sites 
and sampling sessions. Density: A – S2, C – S3, E – S4. Abundance: B – S2, D – 
S3, F – S4 
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Fig. 4.5: Density and abundance for the S5, S6 and S7 strata for the different Sites 
and sampling sessions. Density: A – S5, C – S6, E – S7. Abundance: B – S5, D – 
S6, F – S7 
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Table 4.3: Two-way ANOVA results with factors sampling session and Site for the 
two beaches separately (for abundance and density).  
Abundance Mngazi Mngazana 
 Factor DF F P Within DF DF F P 
Within 
DF 
Whole Beach Site 2 0.332 0.736 8 2 1.454 0.408 5 Session 2 1.740 0.286 1 4.551 0.167 
S2 Site 2 0.606 0.589 8 2 0.703 0.587 5 Session 2 1.303 0.367 1 0.842 0.456 
S3 Site 2 0.159 0.858 8 2 3.174 0.240 5 Session 2 2.158 0.231 1 2.802 0.236 
S4 Site 2 0.189 0.835 8 2 1.404 0.416 5 Session 2 0.215 0.815 1 0.794 0.467 
S5 Site 2 0.612 0.586 8 2 0.210 0.826 5 Session 2 1.127 0.409 1 0.435 0.577 
S6 Site 2 2.658 0.184 8 2 0.660 0.602 5 Session 2 0.529 0.625 1 2.629 0.246 
S7 Site 2 1.393 0.347 8 2 0.846 0.542 5 Session 2 0.344 0.728 1 1.518 0.343 
Density Mngazi Mngazana 
 Factor  DF F P Within DF DF F P 
Within 
DF 
Whole Beach Site 2 0.793 0.513 8 2 2.633 0.275 5 Session 2 0.282 0.768 1 0.063 0.826 
S2 Site 2 0.587 0.598 8 2 0.194 0.838 5 Session 2 0.557 0.612 1 7.567 0.111 
S3 Site 2 0.383 0.705 8 2 1.634 0.380 5 Session 2 1.164 0.399 1 0.037 0.865 
S4 Site 2 0.256 0.786 8 2 0.085 0.922 5 Session 2 1.557 0.316 1 0.001 0.984 
S5 Site 2 0.561 0.610 8 2 0.488 0.672 5 Session 2 0.274 0.774 1 0.091 0.791 
S6 Site 2 5.163 0.078 8 2 0.697 0.589 5 Session 2 1.118 0.411 1 2.349 0.265 
S7 Site 2 0.507 0.637 8 2 1.254 0.444 5 Session 2 0.014 0.986 1 1.286 0.374 
 
4.3.5 BETWEEN-BEACH DIFFERENCES  
The two-way nested ANOSIMs, used to test the null hypothesis of no difference in 
abundance between sampling session and beach found that there were no significant 
differences between the sampling sessions and no significant differences between 
the beaches (Table 4.6).  The two-way nested ANOSIM, used to test the null 
hypothesis of no difference in density between sampling sessions and Sites, found 
only a significant difference among the S2 stratum for the sampling sessions and a 
significant difference among the two beaches for the S6 stratum. None of the linear 
or multiple linear regressions were significant for the abundance data or for the 
density data (Abundance R2 = 0.547, F = 3.024, p = 0.071, DF = 14; Density R2 = 
0.156, F = 0.461, p = 0.763, DF = 14). With the composite indices there were three 
significant regressions, all of which were with the abundance data: abundance vs. 
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RTR of the S7 strata; abundance vs. Area for the whole beach; and abundance vs. 
BI also for the whole beach (Table 4.9).  
 
Table 4.4: Linear regression results of macrofaunal abundance and density vs. sand 
particle size from the three different elevations (low-, mid- and high-shore) for Mngazi 
and Mngazana samples. Mean sand particle size of the low-shore sand samples vs. 
species richness of strata S2 and S3; sand particle size of the mid-shore sand 
samples vs. species richness of strata S4 and S5; and sand particles size of the 
high-shore sand samples vs. species richness of strata S6 and S7.  (Abundance or 
Density = Intercept + [Slope * Low-, mid-, high-Shore sand samples]) 
M
ng
az
an
a 
(D
F 
= 
5)
 
 Low shore Mid shore High shore 
Abundance S2 S3 S4 S5 S6 S7 
R2 – values 0.173 0.003 0.036 0.019 0.035 0.004 
F – statistic 0.837 0.013 0.149 0.077 0.144 0.016 
P – values 0.412 0.914 0.719 0.795 0.724 0.907 
Intercept 1797.2 775.7 1460.3 659.4 699.9 155.0 
Slope -4741.1 -481.8 -4204.4 -1474.1 -2314.6 -307.8 
Density S2 S3 S4 S5 S6 S7 
R2 – values 0.040 0.389 0.033 0.003 0.022 0.003 
F – values 0.165 2.542 0.137 0.011 0.090 0.013 
P – values 0.705 0.186 0.730 0.923 0.779 0.915 
Intercept 0.350 -0.279 -0.735 0.911 2.609 0.111 
Slope 3.564 8.961 11.109 2.218 -8.180 1.186 
M
ng
az
i (
D
F 
= 
8)
 
 Low shore Mid shore High shore 
Abundance S2 S3 S4 S5 S6 S7 
R2 – values 0.084 0.801 0.076 0.214 0.122 0.024 
F – statistic  0.366 16.132 0.329 1.087 0.558 0.098 
P – values 0.578 0.016 0.597 0.356 0.496 0.769 
Intercept 1450.3 2315.5 298.7 337.0 -338.0 141.8 
Slope -2515.1 -5511.8 -431.6 -740.9 1846.6 -261.0 
Density S2 S3 S4 S5 S6 S7 
R2 – values 0.056 0.127 0.047 <0.001 0.265 0.107 
F – statistic 0.239 0.583 0.196 0.001 1.444 0.479 
P – values 0.651 0.488 0.681 0.978 0.296 0.527 
Intercept 2.031 4.834 0.105 0.760 -3.481 -0.231 
Slope -2.954 -8.486 3.925 0.142 15.539 1.580 
 
Table 4.5: Linear regression results of macrofaunal abundance and density vs. 
beach slope (Abundance or Density = Intercept + [Slope * Beach slope]) 
Abundance 
 Mngazana Mngazi 
R2 – values 0.268 0.132 
F – statistic 1.466 1.067 
P – values 0.293 0.336 
Intercept 3464.800 2763.136 
Slope -29147.300 -14855.500 
DF 5 8 
Density 
 Mngazana Mngazi 
R2 – values 0.644 0.178 
F – statistic 7.241 1.511 
P – values 0.055 0.259 
Intercept 1.830 3.594 
Slope 143.472 52.946 
DF 5 8 
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Table 4.6: Two-way nested ANOSIM results, with the factors sampling session and 
Site and the interaction among them – Macrofaunal abundance and density for the 
whole beach and the individual strata.  
D
en
si
ty
 
Ph
ys
ic
al
 
Fe
at
ur
e 
Fa
ct
or
 o
r 
G
ro
up
 
R
 S
ta
tis
tic
 
P 
Va
lu
e 
Po
ss
ib
le
 
Pe
rm
ut
at
io
ns
 
A
ct
ua
l 
Pe
rm
ut
at
io
ns
 
N
um
be
r >
= 
O
bs
er
ve
d 
Whole 
Beach 
Beach -0.074 0.420 100 100 58 
Month 0.000 0.467 15 15 8 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.250 0.667 3 3 1 
S2 
Beach -0.021 0.570 100 100 43 
Month -0.625 <0.001 15 15 15 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.250 <0.001 3 3 3 
S3 
Beach 0.019 0.550 100 100 45 
Month -0.125 0.333 15 15 10 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 -0.500 <0.001 3 3 3 
S4 
Beach -0.037 0.430 100 100 57 
Month -0.375 0.200 15 15 12 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.250 <0.001 3 3 3 
S5 
Beach 0.093 0.710 100 100 29 
Month -0.250 0.200 15 15 12 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 0.000 <0.001 3 3 3 
S6 
Beach -0.259 <0.001 100 100 100 
Month 0.125 0.533 15 15 7 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.250 0.333 3 3 2 
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Table 4.6: (continued) 
D
en
si
ty
 P
hy
si
ca
l 
Fe
at
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e 
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N
um
be
r >
= 
O
bs
er
ve
d 
S7 
Beach 0.171 0.667 30 30 10 
Month -0.500 0.067 15 15 14 
Jun03, Feb04 -1.000 <0.001 3 3 3 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.250 <0.001 3 3 3 
A
bu
nd
an
ce
  
Whole 
Beach 
Beach 0.148 0.800 100 100 20 
Month 0.063 0.533 15 15 7 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.250 0.333 3 3 2 
S2 
Beach -0.167 0.340 100 100 76 
Month 0.000 0.467 15 15 8 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.000 0.333 3 3 2 
S3 
Beach -0.148 0.310 100 100 69 
Month 0.625 0.933 15 15 1 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 1.000 0.667 3 3 1 
Feb04, Jun04 0.75 0.667 3 3 1 
S4 
Beach 0.000 0.530 100 100 47 
Month -0.375 0.067 15 15 14 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 1.000 <0.001 3 3 3 
Feb04, Jun04 0.000 0.333 3 3 2 
S5 
Beach -0.037 0.490 100 100 51 
Month -0.375 0.200 15 15 12 
Jun03, Feb04 0.000 0.333 3 3 2 
Jun03, Jun04 -1.000 <0.001 3 3 3 
Feb04, Jun04 -0.250 <0.001 3 3 3 
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Table 4.6 (continued) 
A
bu
nd
an
ce
 
S6 
Beach -0.093 0.420 100 100 58 
Month -0.250 0.200 15 15 12 
Jun03, Feb04 -1.000 <0.001 3 3 2 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.125 0.333 3 3 3 
S7 
Beach 0.417 0.910 100 100 9 
Month 0.500 0.667 15 15 5 
Jun03, Feb04 1.000 0.667 3 3 1 
Jun03, Jun04 0.000 0.333 3 3 2 
Feb04, Jun04 0.250 0.333 3 3 2 
 
Table 4.7: Linear regression results of macrofaunal abundance and density vs. Sand 
Particle Size from the three different elevations for Mngazi Samples (Abundance or 
Density = Intercept + [Slope * Low-, mid-, high-Shore sand samples]) 
Between-Beaches (DF = 14) 
 Low shore Mid shore High shore 
Abundance S2 S3 S4 S5 S6 S7 
R2 – values 0.065 0.312 0.101 0.176 0.022 0.027 
F – statistic  0.699 4.531 1.125 2.140 0.229 0.266 
p – values 0.423 0.059 0.314 0.174 0.643 0.617 
Intercept 1176.8 1493.6 941.9 659.5 -11.0 150.0 
Slope -1947.1 -3160.8 -2401.5 -1703.4 733.1 -288.0 
Density S2 S3 S4 S5 S6 S7 
R2 – values 0.015 0.007 0.001 0.044 0.091 0.013 
F – statistic 0.154 0.0745 0.005 0.461 1.000 0.130 
p – values 0.703 0.790 0.945 0.512 0.341 0.726 
Intercept 1.565 2.417 1.685 2.020 -1.113 0.505 
Slope - 1.420 - 1.425 - 0.557 -3.510 7.565 -0.801 
 
Table 4.8: Linear regression results of macrofaunal abundance and density vs. 
beach slope. (Abundance or Density = Intercept + [Slope * Beach Slope]) (DF = 14). 
 Abundance Density 
R2 – values 0.201 0.107 
F – statistic 3.275 1.557 
p – values 0.094 0.234 
Intercept 2947.119 5.106 
Slope -17413.9 38.482 
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Table 4.9: Linear regressions results of macrofaunal abundance and density vs. 
composite (Abundance or Density = Intercept + [Slope*Composite Index]) 
 Mngazana – Abundance (DF = 5) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.396 0.313 0.418 0.269 0.767 0.756 
F – statistic  2.621 1.820 2.869 1.474 13.135 12.374 
P – values 0.181 0.249 0.166 0.292 0.022 0.025 
Intercept 453.9 717.4 -145.2 1286.5 -3838.0 -4788.9 
Slope 322.7 965.9 1968.2 8.677 3462.3 3133.4 
 Mngazana – Density (DF = 5) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.006 0.008 <0.001 0.678 0.332 0.343 
F – statistic  0.024 0.031 0.001 8.420 1.988 2.086 
P – values 0.885 0.868 0.975 0.044 0.231 0.222 
Intercept 8.329 6.829 7.816 12.671 20.425 22.758 
Slope -0.125 0.484 -0.161 -0.047 -7.238 -6.703 
 Mngazi – Abundance (DF = 8) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.122 0.163 0.038 0.110 0.378 0.421 
F – statistic 0.975 1.359 0.276 0.868 4.247 5.094 
P – values 0.356 0.282 0.616 0.382 0.078 0.059 
Intercept 2895.8 1098.7 370.4 1191.6 -2468.1 -3575.2 
Slope -200.9 426.6 1203.6 9.162 2571.0 2539.9 
 Mngazi – Density (DF = 8) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.024 0.014 0.063 0.156 0.083 0.062 
F – statistic 0.174 0.096 0.468 1.295 0.634 0.462 
P – values 0.689 0.765 0.516 0.293 0.452 0.518 
Intercept 5.379 7.472 0.869 9.260 13.041 13.208 
Slope 0.275 - 0.379 4.761 - 0.034 - 3.708 - 2.996 
 Abundance (DF = 14) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.010 0.135 0.089 0.196 0.464 0.508 
F - values 0.129 2.021 1.276 3.174 11.247 13.408 
p - values 0.726 0.179 0.279 0.098 0.005 0.003 
Intercept 2337.7 1303.4 130.4 1193.9 -2868.0 -3948.6 
Slope -56.4 423.0 1535.7 9.308 2851.8 2733.6 
 Density (DF = 14) 
 Dean’s RTR BSI BDI Area BI 
R2 - values 0.019 0.012 0.024 0.104 0.086 0.063 
F - values 0.256 0.157 0.314 1.509 1.229 0.879 
p - values 0.622 0.698 0.585 0.241 0.288 0.366 
Intercept 5.836 7.782 4.155 8.978 13.534 13.526 
Slope 0.240 - 0.382 2.390 - 0.021 - 3.730 - 2.926 
 
 
4.4 DISCUSSION  
The only consistent pattern of species richness is the decrease in number of species 
for June 2003, from Site AN to Site AS, which corresponds with the macrofaunal 
abundance data. Except for February 2004, the steepest beach slopes were found at 
the sites next to the rocky headland, resulting in more reflective conditions at these 
which may have reduced the number of species being able to inhabit more reflective 
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conditions (Brown & McLachlan 1990; Soares; McLachlan & Dorvlo 2005; McLachlan 
& Dorvlo 2007a).  
 
Patchiness may be a reason for the variation in species richness (Brown & 
McLachlan 1990; Bamber 1993; Defeo & Lercari 2004); the sampling may simply not 
have been thorough enough if the species did occur in that area. The presence or 
absence of some species may be ascribed to seasonality (Alongi 1990) although 
there is insufficient temporal replication to test this theory. This study was done on a 
macro-scale and biological interactions may have played a major role in the 
distribution of species (Defeo et al. 1997; Defeo & McLachlan 2005). 
 
Patchiness plays an important role when planning sampling design; sampling efforts 
have to be weighed against thoroughness. Jaramillo et al. (1995) found that an area 
of 4 to 4.5 m2 had to be sampled in order to get >95% of all species present. 
Schoeman et al. (2003) showed that 5 m2 is an insufficient sampling area because 
less than 70% of the species present were routinely detected. However, this was for 
linear transect sampling methods and not for the random-stratified method as was 
used for this study. The steel corers that were used in this study had a sampling 
surface of 0.025 m-2.  A total area of 3 m-2, excluding stratum S1, was sampled per 
Site. This is a smaller area than what was suggested by Schoeman et al. (2003). 
 
As conditions gradually change to become dissipative, an effluent line will start to 
form, and on completely dissipative beaches an effluent line will almost always be 
present. The differences in effluent line crossings seen in Chapter 3 may have 
affected the species richness of one set of strata, the S2 strata. There was only one 
significant regression between species richness vs. effluent line crossing and this 
was the species richness of the S2 strata vs. effluent line crossing. This makes for a 
weak predictor of species richness and only for strata lower down on the intertidal 
zone. It is thus suggested that effluent line crossing frequencies should not be used 
to predict species richness for sandy beaches along the Transkei coastline.  
 
Beach slope is directly determined by the dynamics of waves, tides and sand and is 
considered one of the most important single factors controlling beach fauna 
(McLachlan 1990; McLachlan et al. 1993). Most studies have found that species 
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richness decreases as beach slope increases and conditions become more reflective 
(McLachlan 1990; Jaramillo et al. 1995; McLachlan & Dorvlo 2005). Beach slope 
varied significantly between the three sampling sessions (Chapter 3), but contrary to 
expectations, beach slope appeared not to have an effect on species richness. 
Previous studies looked at variation over a large geographic scale, which compared 
different areas with different species pools (McLachlan 1990; Jaramillo et al. 1995; 
McLachlan & Dorvlo 2005). On a beach with dissipative and reflective conditions the 
species richness should still increase from reflective to dissipative conditions, but this 
was not observed in this study. The lack of significant correlation between species 
richness and beach slope partially supports the suggestion made by McLachlan & 
Dorvlo (2005) that on a small scale, and as conditions become more dissipative, 
biological interactions become more important with regards to species richness, but 
physical features thus still play a role (McLachlan & Dorvlo 2007a). However, no 
significant regressions were seen between species richness and the physical 
features in this study. Coupled with this is the small scale at which this study was 
done and the low variability in morphodynamic features. Another possibility is that the 
dissipative areas may serve as a source area for the reflective areas, the sink areas 
(Defeo & McLachlan 2005). This supports Defeo et al. (2001) findings that there are 
some distribution patterns that cannot be explained by physical variables. 
 
Beach animals can occupy substrata over a wide range of sand particle sizes (Brown 
& McLachlan 1990).  Brazeiro (2001) suggested that macrofauna tend to have an 
optimum sand particle size and also suggested that the importance of particle size 
has previously been underestimated. Particle size affects an animal’s burrowing rate: 
if particle size is not in the optimal range for an animal, it is possible that the animal 
may not be able to burrow fast enough to escape predators or may get washed away 
by the swash (Brazeiro 2001). As conditions become more reflective and sand 
particle size increases, more species are excluded from the beach (McLachlan 
1996). Again there was low variability in mean sand particle size, which resulted in no 
significant regressions. In this study the mean particle size varied between 0.20 mm 
to 0.46 mm. McLachlan (1996) measured mean sand particle sizes between 0.11 
mm to 0.8 mm, a much larger range than was found in this study. McLachlan (1996) 
also found the regression between species richness and sand particle size to be 
significant.   
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The effect of waves on species richness is secondary to other morphological features 
on tide-dominated beaches (Defeo & McLachlan 2005). However, microtidal 
beaches, such as those under investigation, are wave-dominated with tidal effects 
being minimal (Short 1996). There were no significant differences between Site and 
sampling session, with regards to wave period, (Chapter 3) and this is reflected in the 
lack of a significant regression between species richness vs. wave period. Wave 
period could not predict any of the species richness in this study. Breaker height can 
vary on a daily basis and it would be better to look at breaker height averaged over a 
long period, when comparing different beaches that are far apart. Breaker height for 
this study is thus not a good indicator of species richness.  
 
The swash exclusion hypothesis is the only hypothesis that uses only swash to try 
and predict characteristics of the macrofaunal community (McLachlan 1990). The 
hypothesis of habitat safety uses the combination of swash and beach slope to try to 
predict the macrofaunal community (Defeo & Gómez 2005). The multiscale 
environmental severity hypothesis (Defeo et al. 2003) and the habitat harshness 
hypothesis (Defeo et al. 2003; Defeo & Gómez 2005) suggest that the physical 
variables cannot be separated. None of the indices (Dean’s, RTR, BSI, BDI, Area, 
and BI) had significant regressions with species richness on the beaches sampled.  
 
McLachlan (1990) suggested that composite indices are better at predicting species 
richness than individual physical features, while Jaramillo & McLachlan (1993), Nel 
(2001) and McLachlan & Dorvlo (2005) suggested individual physical variables as the 
best predictors. McLachlan et al. (1993) suggested that neither sand nor wave 
energy are of direct importance as controlling factors for macrobenthic communities, 
except in extreme cases. In this study, none of the individual physical features, 
except effluent line crossing frequency, and none of the composite indices could 
predict species richness in any sense. The relatively low number of species, 
compared to the number of species Soares (2003) found along the west coast, and 
small range in morphodynamic features, resulted in few significant regressions. This 
may mean that when the samples were taken, the macrofauna were busy adapting to 
changing physical conditions. This does not mean that the physical features cannot 
predict the species richness along the Transkei coastline; it means only that the 
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physical features could not predict species richness for this study. While macro-scale 
factors still play a role on macrofaunal distribution at such a small scale, the 
distribution of species at this scale may thus be the result of microhabitat selection 
and patch utilization rather than physical features (Defeo et al. 2001; Defeo & 
McLachlan 2005; McLachlan & Dorvlo (2007).  
 
Most studies done along the South African coastline occurred along the West Coast 
and the East Coast. To date only a few studies have examined sandy beach 
macrofauna along the Transkei coastline in the Natal Bioregion. With the recent 
advances made in sandy beach sampling it is difficult to compare results from older 
studies with more recent studies as the sampling techniques vary a lot. Only the 
number of species, the number of transects used and the geographic areas sampled 
were used from previous studies to discuss differences. 
 
Along the east coast of southern Africa there are fewer macrofaunal species relative 
to the west coast (Appendix 1). This is due to the cool-temperate Benguela current 
moving up along the west coast and the warm temperate Agulhas current moving 
down along the east coast (Sink et al. 2004; Attwood et al. 2000). Kelp species are a 
prominent feature along the west coast and are major source of wrack washed up on 
the beach. This in turn acts as a source of food for several intertidal species (Bally 
1987; Brown & McLachlan 1990). In Namibia McLachlan (1996) found a total of 26 
marine species. In the 7 transects he sampled the species richness was 18, 12, 8, 9, 
15, 17 and 17, respectively. The lower species richness of some transects was 
caused by an increase in mean sand particle size from mine tailings dumped on the 
beach (McLachlan 1996). Bally (1983) found a total of 22 marine species along the 
west coast of southern Africa, from Namibia to close to Cape Point. In three transects 
17, 22 and 21 species were recorded, respectively (Bally 1983). Soares (2003) found 
a total of 38 species along the West Coast, with species richness varying between 4 
and 18 species per transect. This is several more species than Bally (1983) or 
McLachlan (1996) found, although over a wider area and with more transects 
(Soares 2003). In an area between Cape Agulhas and Cape St Francis McLachlan et 
al. (1981) recorded a total of 14 species along four transects; 12, 11, 8 and 7 species 
were recorded respectively. In the Eastern Cape at Kings beach there were only 11 
species recorded in a 5m-2 area that was sampled (Jaramillo et al. 1995). Wendt and 
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McLachlan (1985) found a total of 13 species also in the Eastern Cape close to Port 
Elizabeth; 10, 10 and 11 species were found at the individual transects. Schoeman et 
al. (2003) found a total of 28 species along 10 strip transects, with species richness 
between 12 and 21 per transect, several more species than what was recorded 
previously. On the Transkei coastline Wooldridge et al. (1981) found a total of 11 
species. They recorded 3, 5, 8 and 11 marine species at the respective transects 
(Wooldridge et al. 1981). Along the Kwazulu-Natal coastline Dye et al. (1981) found a 
total of 9 species along 4 strip transects. At the individual transects 5, 9, 1 and 1 
species were recorded respectively (Dye et al. 1981). For this study a total of 22 
species were recorded.  
 
The lower number of sandy beach macrofaunal species found along the Transkei 
coastline compared to the number of sandy beach macrofaunal species found along 
the west coast, concurs with what Alongi (1990) found as opposed to what Soares 
(2003) and Defeo & McLachlan (2005) found; that species richness increases from 
the temperate to the tropical regions. The previous studies made use of snapshot 
sampling. This may have excluded several seasonal species from being recorded. It 
this was the case then it would contradict the findings of Alongi (1990).  
 
Bally (1987) recorded abundances between 1820 and 1438746 ind.m-1 along the 
west-coast of South Africa. Schoeman et al. (2000) recorded abundances in the 
Eastern Cape between 1689.3 and 6263.8 ind.m-1. Wooldridge et al. (1981) recorded 
abundances between 105 and 3041 ind.m-1 along the Transkei coastline. Dye et al. 
(1981) recorded abundances between 3 and 250 ind.m-1 along the Kwazulu-Natal 
Coastline. This decrease in abundance from the west coast to the east coast 
supports findings of Soares (2003) and Defeo & McLachlan (2005). In this study 
similar values were recorded as those previously recorded by Wooldridge et al. 
(1981), supporting the findings of Soares (2003) and Defeo & McLachlan (2005).  
 
Most of the previous studies along the South African coastline, and to a lesser extent 
also studies abroad, calculated only abundance and in some cases biomass. The 
minimum and maximum density for all the sampling sessions for this study was 2.7 
and 10.61 ind.m-2 respectively, with an average of 7.12 ind.m-2. Bamber (1993) 
recorded densities of between 0.2 to 366.6 ind.m-2 for the fifty-four species found on 
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a dissipative beach in Stanswood Bay in the UK. Dugan et al. (2004) found densities 
of between 85 to 4127 ind.m-2 for Emerita analoga and between 147 to 3860 ind.m-2 
for the bivalve Mesodesma donacium on dissipative beaches along the Coast of 
Chile. In both these studies the mean densities would be much higher than those 
recorded for this study.  
 
There are no clear patterns of increase and/or decrease in abundance or density 
between one Site to the next or from one sampling session to the next. The higher 
abundance at Mngazana for June 2004 (Chapter 3) may be related to sand particle 
size, wave period and/or swash period. The sand particle size is significantly smaller 
for June 2004 compared to February 2004, while both the swash and wave periods 
were significantly greater for June 2004 than for February 2004 (Chapter 3). There is 
also a significant relationship between swash period and sand particle size, this 
suggests that these two physical features affected the abundance.  
 
The only prominent pattern for both abundance and density in the present study is 
the well-documented decrease from the low-water mark to the high-water mark 
(McLachlan 1983; Brown & McLachlan 1990). The bell shaped distribution pattern of 
decreasing abundance towards the boundaries, as observed by Schoeman & 
Richardson (2002) and Defeo & de Alalva (1995) were seen during some sampling 
sessions, but the inverse pattern was then observed during others.   
 
Both these beaches experienced similar environmental conditions. Most of the 
physical variables showed significant differences between sampling sessions 
(Chapter 3), and because sandy beaches are more influenced by the physical 
environment, with biological interactions playing a lesser role (McLachlan 1993; 
Defeo & McLachlan 2005), it would be expected that the abundance and density of 
the two beaches would be similar.   
 
Composite indices have been developed to classify different beach types and sandy 
beach communities. Some authors found a higher proportion of significant 
regressions with physical variables than with composite indices (Nel 2001; 
McLachlan & Dorvlo 2005) while other authors found a higher proportion of 
significant regressions with composite indices (Brown & McLachlan 1990; McLachlan 
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1990; Soares 2003). In this study a higher proportion of significant regressions were 
seen between the abundance and density vs. composite indices than between 
abundance and density vs. the physical variables individually. These significant 
regressions were between the abundance and density vs. composite indices of the 
individual strata.  
 
None of the physical variables measured had significant regressions with the 
abundance data or the density data. Some of the composite indices, however, had 
significant regressions with the abundance data. There were only three significant 
regressions in the abundance data vs. composite indices which makes composite 
indices weak predictors of abundance. More and more studies are showing that even 
though the sandy beach is a very physically controlled environment, there are some 
distribution patterns that cannot be explained by physical variables alone (Defeo et 
al. 2001). It may be argued that the whole beach behaves as a single dynamic unit 
and that the macrofauna inhabit the whole beach indistinctly of the differences of 
physical variables along the beach. The fact that the replicates are pseudo-replicates 
may also lend itself towards this argument.  
 
Competition has been documented in only a few studies thus far: Lercari & Defeo 
(1999) documented density-dependent growth in male mole crabs. McLachlan (1998) 
suggested that intra- and inter specific interactions during burrowing of two Donax 
species occurred only at exceptionally high densities of 400 ind.m-2 to 600 ind.m-2. 
The densities recorded by Lercari & Defeo (1999) were much higher than those 
recorded in the present study. It is thus doubtful whether density would influence the 
distribution patterns along the Transkei coastline. The likelihood of other forms of 
competition is still possible and needs further investigation.  
 
The analyses used to examine different relationships in the present study were all 
done using abundance and density per stratum or per Site. If these analyses were 
repeated for individual species different results may have emerged. Fast-moving 
species such as Emerita austroafricana (McLachlan 1990), or species that can adapt 
quickly to their environment (Defeo et al. 1997; McLachlan & Dorvlo 2005) may show 
significant regressions with physical variables while slow moving species, such as 
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Glycera tridactyla, may not show significant regression between their density and/or 
abundance and the physical variables. 
 
A higher proportion of significant regressions was found using abundance 
(abundance vs. physical variables and composite indices vs. physical variables), 
compared to regressions using density data (density vs. physical variables and 
composite indices vs. physical variables). This suggests that in this study, abundance 
was a better community variable when linking it with the physical environment.  
 
During low tide, the different macrofaunal assemblages are zoned from the high 
water mark to the low water mark. At high tide the zones tend to compress towards 
the high water mark (Wendt & McLachlan 1985; Brown & McLachlan 1990; Defeo & 
McLachlan 2005). Sampling was done during spring-low tide and it may be expected 
that the different zones are more dispersed between the high- and low-water marks 
with a lower proportion of significant regressions in the higher strata than that of the 
lower strata. However, this was not the case because the abundance vs. composite 
indices only showed significant regressions with some of the lower strata, S2 and S3, 
and some of the higher strata, S6 and S7. None of the middle strata (S4 and S5) 
showed any significant regressions. This may be possibly be explained by the three 
zones found on most beaches (a zone of air-breathers, a zone of aquatic-breathers 
and an overlap region between these two zones (Alongi 1990; Brown & McLachlan 
1990; Defeo & McLachlan 2005)). The overlap region may be almost void of animals 
during low tide, although this was not found in this study, as the animals may move 
towards their preferred environment, either high shore or low shore and thus show no 
significant regressions at all.  
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CHAPTER 5: SANDY BEACH MACROFAUNAL ZONATION 
 
5.1 INTRODUCTION 
The views of zonation patterns of sandy beach macrofauna are highly conflicting, 
because sharp boundaries for different macrofaunal zones have not been 
demonstrated (Wendt & McLachlan 1985; Brown & McLachlan 1990; Brazeiro & 
Defeo 1996; Defeo & McLachlan 2005). One reason for this is the extreme mobility of 
the species that migrate tidally (McLachlan 1983; McLachlan et al. 1981). Probably 
the most important reason is that the spaces between the samples (levels) on the 
beach are too large.  
 
On some sandy beaches, across-shore zonation patterns have been found while on 
other beaches no patterns have been found (James & Fairweather 1996). The main 
reason why zonation patterns are anticipated on sandy beaches is that there are 
across-shore gradients in exposure, sediment water content and stability, and 
changing wave energy levels (McLachlan 1990). The boundaries of the different 
zones shift with the tides and other environmental disturbances. During high tide the 
zones tend to compress towards the high water mark, although this does not apply to 
very sheltered beaches (Brown & McLachlan 1990).  
 
Competition has been demonstrated to occur on sandy beaches (Brown et al. 2004), 
but it does not necessarily have an effect on the distribution patterns of the animals 
that are in competition. Thus the importance of competition cannot be demonstrated 
by the presence of zonation, nor can the existence of competition be inferred 
(unambiguously) by the observation of zonation patterns (Brown et al. 2004). 
However, there is some evidence that competition contributes to zonation dynamics 
(Dugan et al. 2004). 
 
Most sandy beach animals occur in the layer of sand at or near the surface. This 
leads to some controversy with respect to the question of whether beaches should be 
considered two- or three-dimensional (Defeo et al. 1997). The distribution of animals 
with regards to depth is probably only important when looking at desiccation and 
predation by other animals such as birds. In this study it will thus be ignored. 
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Most studies of zonation on sandy beaches have focused on across-shore zonation 
patterns (James & Fairweather 1996). The distribution of sandy beach animals is 
also patchy and varies both along-shore and across-shore due to tidal, diurnal, 
seasonal, storm and other migrations (Bamber 1993; Schoeman & Richardson 2002; 
Defeo & Lercari 2004). Large variations in populations of individual taxa can also 
occur at both large and small scales (Dauer & Simon 1975; James & Fairweather 
1996). Gimenez & Yannicelli (2000) found that patchiness at a scale of meters might 
be the result of biotic and abiotic processes.  At larger scales, hundreds of meters, 
distribution may be affected primarily by abiotic processes (Gimenez & Yannicelli 
2000; Defeo & McLachlan 2005).  
 
Most dissipative and intermediate sandy beaches show a similar across-shore 
pattern with regards to species diversity and abundance, both decreasing up the 
intertidal slope. However, on beaches dominated by kelp/wrack, and on reflective 
beaches, maximum species diversity and abundance may occur higher up on the 
beach (Brown & McLachlan 1990; Defeo & Gómez 2005). Among the taxa 
responsible for such high-shore abundances are taliterid amphipods, which can 
move away from the beach and have been found several hundred meters into high, 
shifting dunes (McLachlan et al. 1981). 
 
Dahl (1953) was the first to propose a zonation scheme for sandy beaches in Europe 
and South America. He proposed three zones: the sub-terrestrial fringe, consisting of 
talitrid-amphipods and ocypodid crabs; the mid-littoral fringe with cirolanid isopods 
characterizing this zone; and the sub-littoral fringe with the highest species richness. 
Several later studies found similar results, subdividing the beach in to three zones 
(Alongi 1990; Jaramillo 1994).  
 
In their study James & Fairweather (1996) found the following zonation pattern: the 
high-shore zone was dominated by isopods, the mid-shore by glycerid polychaetes 
and the swash zone was dominated by amphipods, glycerids, bivalves and 
cumaceans. The authors also noted ghost grabs and their burrows on the 
supralittoral, although they did not sample this zone. They found a similar pattern of 
zonation along the entire beach that they sampled (James & Fairweather 1996).  
McLachlan (1990) found four zones of intertidal macrofauna on dissipative beaches, 
 64 
similar to Salvat’s zones. The boundaries of these zones were not sharp, but had 
characteristic species whose populations were always centered in a specific zone 
(McLachlan 1990). The zone of drying was characterized by talitrid amphipods; the 
zone of retention by a cirolanid isopod; the zone of resurgence supported a wide 
range of species, of which the two polychaetes, a mysid, a haustoriid amphipod, a 
phoxocephalid amphipod and a mole crab species were the most important; the zone 
of saturation was characterized by a gastropod, a haustoriid and a shrimp species 
(McLachlan 1990).  
 
Along the west coast of South Africa Bally (1983) described four zones using Salvat’s 
scheme. The high-water mark zone was characterized by several terrestrial species 
as well as three isopod species, Tylos granulatus, Excirolana natalensis, and 
Pontogeloides latipes, and two amphipod species, Talorchestia capensis and T. 
quadrispinosa. The zone of retention was characterized by the polychaete Scolelepis 
squamata, juvenile Donax serra, and the isopod Eurydice longicornis. In the zone of 
resurgence the amphipod, Urothoe grimaldii, the mysid, Gastrosaccus 
psammophilous, and the cumacean, Cumpsis robusta, were just some of the species 
found. In the zone of saturation Bally (1983) found several species in including the 
following: Gastrosaccus psammophilous, Urothoe grimaldii, Bullia digitalis, and 
Cerebratulus fuscus. The most notable feature of the west coast of southern Africa is 
the absence of ocypodid and hippid crustaceans from the high- and low-water marks, 
respectively (Bally 1983). 
 
Some generalized patterns of occurrence have been noted. Isopod species, for 
instance, usually occur near the top of the shore and in the midlittoral. Bivalves on 
the other hand are generally found in the sublittoral fringe and the eulittoral 
(McLachlan et al. 1981; McLachlan 1983). Crustaceans have greater mobility and 
burrowing abilities and tend to be more abundant on tropical and/or more exposed 
beaches, while molluscs tend to be more abundant on less exposed or temperate 
beaches (McLachlan 1983; Brown & McLachlan 1990; McLachlan 2001; Dugan et al. 
2004).  However, molluscs are usually the most important when it comes to biomass 
(McLachlan 1983; Brown & McLachlan 1990). Insects may be found in the high shore 
zone in areas where ocypodid crabs are absent (Stephenson & McLachlan 2000).   
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The zonation patterns that occur along the Transkei coastline are relatively unknown 
because of the few studies that have been done in this area (Sink et al, 2004). The 
aim of this chapter is to describe macrofaunal zonation patterns; patterns within and 
between the two beaches with regards to sampling sessions, sampling Site and 
individual strata were examined using abundance data; and zonation patterns were 
compared to the results of previous authors. The intertidal distributions of the more 
abundant species are also examined.  
 
5.2 MATERIALS AND METHODS  
 
5.2.1 WITHIN-BEACH DIFFERENCES 
Abundance data from Mngazi and Mngazana were examined separately for 
differences with regards to community composition, between each of the three Sites 
on the two beaches. This was done by making use of three statistical analyses; Non-
Metric Multi-Dimensional Scaling (MDS), Cluster Analysis and a Two-way Nested 
Analysis of Similarity (ANOSIM).  
 
MDS Plots 
MDS ordination represents the samples as points in a two-dimensional space such 
that relative distances among points are in the same rank order as the relative 
dissimilarities of the samples (Clarke & Gorley 2001). Points that are closer to one 
another are therefore more similar. Running the algorithm only once may not result in 
the optimal solution and thus several restarts are recommended. The stress value is 
an indication of how faithfully the multi-dimensional relationships between the 
samples are represented on a two-dimensional plot (Clarke & Gorley 2001).  
 
The strata of the individual Sites from each beach were compared using a similarity 
matrix worksheet with the Non-metric MDS ordination technique. The raw data were 
transformed using a square-root transformation; and the Bray-Curtis similarity index 
was used (the most widely used). The MDS plots were on a 2D graph when in actual 
fact they are multi-dimensional.  
 
After the initial MDS plots and Cluster diagrams outliers were removed from the MDS 
plots. This was done to because the outliers were so different from the other samples 
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that the remaining samples were too closely spaced on the MDS to distinguish 
between them. These were June 2003–AN–S7 and June 2004–AN–S6 for Mngazi 
and June 2004–BS–S2 for Mngazana. June 2003–AN–S7 contained only Capitella 
capitata individuals. The other two strata contained only uniques, June 2004–AN-S6 
contained Talorchestia capensis and June 2004-BS-S2 contained Polychaete A 
respectively.  
 
Cluster Analysis 
The raw data was transformed, as was done for the MDS plots, using a square-root 
transformation; the Bray-Curtis similarity index was used (the most widely used). The 
Cluster diagram (called a dendrogram in Primer) was then plotted. The Cluster 
Analysis was done to verify the MDS results. The MDS technique and Cluster 
Analysis may give results that are consistent with one another because they use the 
same similarity information (Clarke & Gorley 2001). 
 
Two-Way Nested ANOSIM 
Two-Way Nested ANOSIMs were done for Mngazana for Mngazi separately. Bray-
Curtis similarity, with standardization and a square root transformation was done. 
Two Two-Way Nested ANOSIMs were done for each beach, one with Site nested 
within months and one with strata nested within month. A maximum of 999 
permutations were allowed.  All tests were done using the abundance data. 
 
5.2.2 BETWEEN-BEACH DIFFERENCES 
Similar methods were used to examine between-beach differences as was used for 
within-beach differences. All the abundance data were pooled and used, only 
distinguishing between the two beaches and not the different sites. MDS analyses, 
Cluster analyses and Two-Way nested ANOSIMs are performed on the abundance 
data as a whole as well as each individual stratum at a time. The separation between 
different groups was highlighted afterwards to show it more clearly. 
 
5.2.3 ZONATION 
The data were pooled to compare all the replicates from all the strata with one 
another, the Site and sampling session was ignored. A One-Way ANOSIM, MDS 
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Plot, Cluster Analysis and Similarity Percentages (SIMPER) analyses are performed 
on the data.  
 
SIMPER Analysis  
The SIMPER Analysis is performed to examine which species are responsible for the 
differences between the strata. The SIMPER analysis calculates the dissimilarity 
between different groups as well as the percentage that each species contributes to 
this dissimilarity. Only species that contributed to 90% of the dissimilarity were used. 
The remaining 10% dissimilarity consisted of mostly rare species which play a 
minimal role in zonation patterns because of their low abundance.  
 
The raw data were transformed using a square-root transformation; the Bray-Curtis 
similarity index was used. A SIMPER analysis was performed using stratum as a 
factor to show which species contributed the most to the differences among the 
individual strata. The data were standardized, because ratios are more important 
than absolute abundance. Only species contributing 10% or more to the dissimilarity 
were noted  
 
5.2.4 SPECIES DISTRIBUTION 
The distances from the low-water mark to the high-water mark for each Site were 
converted into a percentage, with the low-water mark being 0% and the high-water 
mark being 100%. This conversion to percentage was done to standardize the data 
so that they can be plotted on the same graph. The distributions for most abundant 
species were then plotted for each Site.  
 
5.3 RESULTS 
 
5.3.1 WITHIN-BEACH DIFFERENCES 
Mngazana Beach 
In Fig. 5.1 and Fig. 5.2 there are no obvious differences between the three Sites or 
sampling sessions at Mngazana. Table 5.2 confirms what is seen in the above-
mentioned graphs. However, there is a clear difference between the different strata 
(Table 5.4). The Cluster diagram and MDS plot show a clear separation between the 
lower two strata (S2 and S3) and the higher strata (S6 and S7), with the middle strata 
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Table 5.1: ANOSIM Results for Mngazana and Mngazi comparing Months vs. Sites. The pair-wise comparisons show the 
comparisons between the different months. Only the Mngazi data shows significant differences between the months. 
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B
ea
ch
 
R
 
p-
va
lu
e 
Pe
rm
ut
at
io
ns
 
Pe
rm
ut
ed
 
st
at
is
tic
s 
> 
G
lo
ba
l R
 
R
 
p-
va
lu
e 
99
9 
Pe
rm
ut
at
io
ns
 
fr
om
 
Pe
rm
ut
ed
 
st
at
is
tic
s 
> 
G
lo
ba
l R
 
M
on
th
s 
R
 S
ta
tis
tic
 
p-
 v
al
ue
 
Po
ss
ib
le
 
Pe
rm
ut
at
io
ns
 
A
ct
ua
l 
Pe
rm
ut
at
io
ns
 
N
um
be
r 
 O
bs
er
ve
d 
Mngazana 
-0.185 0.700 10 of 10 7 0.017 0.347 Large number 346 
(only two months) 
Mngazi 0.374 0.007 280 of 280 2 -0.123 0.998 Large number 997 
Jun-03, Feb-04 0.444 0.10 10 10 1 
Jun-03, Jun-04 0.148 0.30 10 10 3 
Feb-04, Jun-04 0.593 0.10 10 10 1 
 
Table 5.2: ANOSIM Results for Mngazana and Mngazi comparing Months vs. Strata. The pair-wise comparisons show the 
comparisons between the different months. Both Mngazi and Mngazana show significant differences between the months and 
between the strata. 
 Months Strata Pair-wise Tests between months 
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Mngazana 0.619 0.002 462 of 462 1 0.316 0.002 Large number 1 (only two months) 
Mngazi 0.484 0.001 999 of 2858856 0 0.567 0.001 Large number 0 
Jun-03, Feb-04 0.494 0.013 462 462 6 
Jun-03, Jun-04 0.578 0.004 462 462 2 
Feb-04, Jun-04 0.419 0.026 462 462 12 
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Fig. 5.1: MDS plot for Mngazana strata (see Chapter 2 for data labels). The line separates the upper two strata (S6 and S7) from 
the lower two strata (S2 and S3) with the middle strata (S4 and S5) interspersed between them. The stress value indicates how well 
the 2D plot represents the multi-dimensional plot, in this case a good representation. 
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(S4 and S5) being interspersed between these to groups. In both the Cluster diagram 
and MDS plot there are three outliers, two of which are 100% similar, these are F4-
BS-S5, F4-BM-S6 and F4-BM-S7. F4-BM-S6 and F4-BM-S7 contained only Ocypode 
ryderi and no other species, while F4-BS-S5 contained Pontogeloides latipes and 
Scololepis squamata the only stratum that had this combination of species.  
 
Mngazi beach 
The separation between lower and higher strata, seen in the Mngazana data, is seen 
in the MDS plot and Cluster diagram of Mngazi (Fig. 5.3 and Fig. 5.4). No clear 
separation can be seen between the sampling sessions when examining the MDS 
plot and Cluster diagram. The ANOSIM reports a significant difference between the 
communities of the different sampling sessions but no significant differences between 
pair-wise comparisons. With the pair-wise comparisons (Month vs. Site) of the 
Mngazi ANOSIM only 10 permutations are possible, which means that significance 
can never be attained because significance will never be lower than 0.1.  
 
5.3.2 BETWEEN-BEACH DIFFERENCES 
All Strata 
The ANOSIM was used to test the null hypothesis of no difference among the Sites 
and sampling sessions as well as the interaction of these two factors. There were too 
few samples to compare the individual strata of Mngazana Beach and Mngazi Beach 
separately. The ANOSIM also shows no differences between the Sites or sampling 
sessions (Table 5.3). The MDS, however, shows a separation between the upper 
and lower strata (Fig. 5.5). This pattern of separation is better seen in the Cluster 
diagram (Fig. 5.6).  
 
There were only three possible permutations for the ANOSIM pair-wise tests between 
the different months. Three permutations are too few to say anything about the 
significance and the results were thus omitted.  
 
Individual Strata 
MDS plots and Cluster diagrams were done to examine the similarity/dissimilarity 
between the individual strata of all the sampling sessions and Sites. In the S2 strata, 
no clear separation could be seen between Mngazana Beach and Mngazi Beach 
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macrofaunal abundance (Fig. 5.7 and Fig. 5.8). There was also no separation 
between June 2004 and February 2004 samples. Similarity of the strata ranged from 
30% to 70%. The low ordination of 0.09 is for the outlier that is clearly separated from 
the other results. 
 
Again no clear separation in macrofaunal abundance is seen between the two 
beaches for the S3 strata. Three of the six February 2004 strata were separated from 
the rest of the samples (Fig. 5.9 and Fig. 5.10). The other three February 2004 
samples were dispersed among the June samples. This separation is, however, not 
significant (R = 1, p = 0.667, Permutations = 15, Permuted statistics > Global R = 10) 
(Table 5.3), illustrating one of the problems of plotting a multi-dimensional graph as a 
two-dimensional graph. 
 
For the S4 strata the first division among strata takes place at about 30% similarity 
(Fig. 5.11). There appears to be some separation between the June and the 
February samples (Fig. 5.12), although not significant, (R = -0.125, p = 0.067, 
Permutations = 15, Permuted statistics > Global R = 1) (Table 5.3). However, there 
were only 15 permutations and thus significance will never be achieved as it cannot 
go lower than 0.067.  
 
F4–BS-S5 is a clear outlier among the S5 strata (it is the only stratum with only 
Pontogeloides latipes and Scolelepis squamata) in both the MDS and Cluster 
diagrams (Fig. 5.13 and Fig. 5.14). Again no clear separations are visible among the 
strata in either the MDS or Cluster diagrams.  
 
Among the S6 strata there are 2 outliers in both the MDS and Cluster diagrams (Fig. 
5.15 and Fig. 5.16): June 2004 - AN and June 2004 – BS. There are also three other 
groups visible in the Cluster diagram. The one group separates from the other at 
about 20% similarity and the other two splits at about 40% similarity. In these last two 
groups there is a separation between the February 2004 samples and the June 2004 
samples. The majority of each group consists of single sampling session’s samples 
with a single sample from the other sampling session. The ANOSIM however, 
showed no significant differences (Table 5.3). 
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Fig. 5.2: Cluster diagram for Mngazana (see Chapter 2 for data labels). The two major groups consist of the lower two strata 
and the upper two strata with the middle strata interspersed between them as was seen with the MDS plot. 
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Fig. 5.3: MDS plot for Mngazi (see Chapter 2 for data labels). The line shows a separation between the lower strata (right 
side - S2 and S3) and the higher strata (left side - S6 and S7), with the middle strata (S3 and S4) interspersed between the 
two groups. The Stress value of 0.14 shows a useful ordination. 
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Fig. 5.4: Cluster diagram for Mngazi (see Chapter 2 for data labels). The first separation, which is at 10%, separates the 
upper strata (S6 and S7) and the lower strata (S2 and S3). Some of the high shore-strata are 100% similar due to the low 
abundance and species richness in the high-shore area.  
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Fig. 5.5: MDS Plot of all the strata from both beaches and all three sampling sessions (see Chapter 2 for data labels). The two 
major groupings show that the upper strata (S6 and S7) are concentrated to the right of the plot while the lower strata (S2 and S3) 
are concentrated towards the left.  The Stress value of 0.14 shows a useful ordination. 
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Fig. 5.6: Cluster diagram of all the strata from all the sampling sessions (see Chapter 2 for data labels). Note the separation at 20% 
between the high-shore strata (S6 and S7) and the low-shore strata (S2 and S3).  
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Fig. 5.7: MDS Plot the S2 strata from all the sampling sessions across both beaches (see Chapter 2 for data labels). There is no 
clear separation between sampling sessions or between the two beaches. The Stress value of 0.09 shows a good ordination. 
However, this due to the outlier J4-BS. 
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Fig. 5.8: Cluster diagram of the strata S2 from all the sampling sessions across both beaches (see Chapter 2 for data labels). There 
is no clear separation between sampling sessions or sampling Sites. Note the outlier also seen in Fig. 5.7. 
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Fig. 5.9: MDS plot of strata S3 from all the sampling sessions across both beaches (see Chapter 2 for data labels). No clear 
separation between sampling sessions or the two beaches. The stress value (0.13) shows a useful ordination. 
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Fig. 5.10: Cluster diagram of strata S3 (see Chapter 2 for data labels). No clear separation between sampling sessions or the two 
beaches. 
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Fig. 5.11: MDS plot of strata S4 (see Chapter 2 for data labels). No clear separation between sampling sessions or the two 
beaches. Stress value (0.17) shows a useful ordination. 
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Fig. 5.12: Cluster diagram of strata S4 from all the sampling sessions across both beaches (see Chapter 2 for data labels). One 
outlier and but again there is no clear separation between sampling sessions or the two beaches. 
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Fig. 5.13: MDS plot of strata S5 from all the sampling sessions across both beaches (see Chapter 2 for data labels). No clear 
separation between sampling sessions or the two beaches. The stress value (0.12) shows a useful ordination. The overlapping two 
labels are J3-AN and J4-AM. 
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Fig. 5.14: Cluster diagram of strata S5 from all the sampling sessions across both beaches (see Chapter 2 for data labels). The 
same outliers seen in Fig. 5.13 are seen again. There is no clear separation between sampling sessions or the two beaches. 
 85 
 
Fig. 5.15: MDS plot of strata S6 from all the sampling sessions across both beaches (see Chapter 2 for data labels). Some of the 
samples overlap because of their high similarity. There appears to be some separation between the sampling Sites and session. 
The stress value (0.11) shows a useful ordination. 
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Fig. 5.16: Cluster diagram of all the S6 strata from all the sampling sessions and across both beaches (see Chapter 2 for data 
labels). The samples that were 100% similar were because only a single species was found in these strata.  
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Fig. 5.17: MDS plot of strata S7 from all the sampling sessions across both beaches (see Chapter 2 for data labels). Similar to Fig. 
5.15 with some samples showing high similarity. The stress value (0.11) shows a useful ordination.  
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Fig. 5.18: Cluster Diagram of strata S7 from all the sampling sessions across both beaches (see Chapter 2 for data labels). The low 
number of samples is due to the low abundance of animals in the high-shore area. The samples that were 100% similar were 
because only a single species was found in these strata. 
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Fig. 5.19: MDS plot for all strata from all the sampling sessions across both beaches. All the strata were renamed by removing the 
sampling period and sampling Site from the stratum name. The outlined two groups show the separation between the upper strata 
(S6 and S7) and lower strata (S2 and S3). The stress value (0.14) shows a useful ordination. 
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Fig. 5.20: Cluster diagram for all strata from all the sampling sessions across both beaches. All the strata were renamed by 
removing the sampling period and sampling Site from the stratum name. The outliers separates at roughly 20% similarity from the 
other samples and are found at opposite of the graph. The main two groups, low-shore and high-shore strata, also separates at 
roughly 20% similarity. 
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Stratum S7 shows the greatest range in similarity and dissimilarity of all the strata 
(Fig. 5.17 and Fig. 5.18); division among strata starts at almost 0% while some of the 
strata are 100% similar. The differences between the groups were however, not 
significant (Table 5.3).   
  
5.3.3 ZONATION  
The SIMPER analysis shows the percentage that each species contributed to 
dissimilarity between the strata, while the MDS plots and Cluster diagrams only show 
the dissimilarity/ similarity between the strata. There is a clear separation between 
the high shore strata, S6 and S7, and the low shore strata, S2 and S3 in both the 
MDS plot (Fig. 5.19) and the Cluster diagram (Fig. 5.20). The SIMPER analysis 
(Table 5.5) also shows that there are no significant differences between the 
abundance of the upper three strata, S5, S6 and S7, although the difference between 
S5 and S6 is close to the significance threshold. The communities of the other strata, 
S2, S3 and S4, are significantly different from one another as well as significantly 
different from the upper three strata. This means that four zones are present on the 
beaches studied, S2, S3, S4 and S5-S7. Stratum S5 may possibly form a fifth zone.  
 
In total eight species contributed the most dissimilarity of the individual strata 
(Appendix 3); theses were: Bullia rhodostoma, Eurydice kenslii, Excirolana 
natalensis, Emerita austroafricana, Glycera tridactyla, Gastrosaccus bispinosa, 
Donax madagascariensis and Ocypode ryderi. 
 
Stratum S2 can be characterized by Donax madagascariensis (Table 5.4) and 
Glycera tridactyla; S3 can be characterized by Bullia rhodostoma; S4 by Emerita 
austroafricana; S5 to S7 by Ocypode ryderi, although this species is mostly absent 
from S5. Eurydice kenslii and Excirolana natalensis were responsible for a large 
percentage of dissimilarity, their distributions were, however, not centered in a 
specific zone and are thus not used to characterize a specific zone. Gastrosaccus 
bispinosa was found in the four lower strata and also contributed to a large 
percentage of dissimilarity.  
 
Subsequent to the SIMPER analysis it was decided to plot the abundance of 
Eurydice kenslii and Excirolana natalensis (Fig. 5.21) per stratum. These two isopod 
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species are similar in size, was some of the most abundant and occurred over the 
greatest range. This was done to examine why these two species affected the 
dissimilarity between strata but were not limited to a specific stratum. Fig. 5.21 shows 
that most of the Eurydice kenslii occurred lower down on the beach, S2 to S4, while 
most of the Excirolana natalensis occurred higher up on the beach.  
 
5.3.4 ACROSS-SHORE RANGE OF SPECIES DISTRIBUTIONS 
The distributions of the most abundant species were examined for generalized 
patterns of distribution. Arabella iricolor appears to be restricted (Fig. 5.22) to the 
middle of the beach. Bullia rhodostoma seems to occupy the middle reaches of the 
beach. Donax madagascariensis occurred mostly lower down the beach during the 
last sampling session, although some specimens did occur towards the middle 
reaches. Emerita austroafricana showed great variability in its distribution. Excirolana 
natalensis were found closer to the top of the beach, except for one sample. Eurydice 
kenslii first occurred lower down on the beach (Fig. 5.21) but then seems to move 
higher up on the beach closer to the drift-line. Glycera tridactyla were found more in 
the middle and lower reaches of the beach. Scolelepis squamata also occurred in the 
middle and lower reaches except for the last three samples where they occurred 
more towards the higher reaches. 
 
 
Table 5.3: The two-way nested ANOSIM Results for both beaches and the individual 
strata and for the months of February 2004 and June 2004. The S7 strata had fewer 
permutations because in some of the S7 strata there were no macrofauna found in 
the corers. None of the results were significant. 
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Whole Beach 1.000 0.670 15 1 -0.015 0.622 999 621 
S2 -0.500 1.000 15 15 0.043 0.400 100 40 
S3 -0.125 0.667 15 10 0.037 0.420 100 42 
S4 1.000 0.067 15 1 0.000 0.470 100 47 
S5 0.000 0.533 15 8 0.130 0.250 100 25 
S6 0.375 0.333 15 5 -0.130 0.800 100 80 
S7 0.500 0.333 3 1 -0.173 0.800 30 24 
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Table 5.4: SIMPER Analysis results showing the typifying species which species were responsible for the dissimilarity 
between the individual strata. Only species contributing >10% of the dissimilarity were used (See Appendix 3) 
 
S3 
Bullia rhodostoma, 
Eurydice kenslii,  
Glycera tridactyla, 
Gastrosaccus bispinosa, 
Donax madagascariensis 
    
S4 
Eurydice kenslii, 
Glycera tridactyla, 
Gastrosaccus bispinosa, 
Excirolana natalensis, 
Emerita austroafricana 
Bullia rhodostoma,  
Eurydice kenslii,  
Gastrosaccus bispinosa,  
Excirolana natalensis, 
 Emerita austroafricana 
   
S5 
Excirolana natalensis, 
Eurydice kenslii,  
Glycera tridactyla 
Excirolana natalensis,  
Bullia rhodostoma,  
Eurydice kenslii 
Excirolana natalensis, 
Eurydice kenslii,  
Emerita austroafricana 
  
S6 
Excirolana natalensis, 
Eurydice kenslii,  
Ocypode ryderi,  
Glycera tridactyla 
Excirolana natalensis,  
Eurydice kenslii,  
Bullia rhodostoma,  
Ocypode ryderi 
Excirolana natalensis, 
Eurydice kenslii,  
Ocypode ryderi 
No significant 
difference 
 
S7 
Excirolana natalensis, 
Eurydice kenslii,  
Ocypode ryderi,  
Glycera tridactyla 
Excirolana natalensis,  
Bullia rhodostoma,  
Ocypode ryderi,  
Eurydice kenslii 
Excirolana natalensis,  
Eurydice kenslii,  
Ocypode ryderi 
No significant 
difference 
No significant 
difference 
 S2 S3 S4 S5 S6 
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Fig. 5.21: Abundance for Eurydice kenslii, left column, and Excirolana natalensis, 
right column, for each of the Sites and the three sampling sessions (A - June 2003, 
B – February2004, C – June 2004). Eurydice kenslii occurs more in the low-shore 
area while Excirolana natalensis is found more high-shore. 
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Fig. 5.22: Distribution of the most abundant species from the LWM to the HWM.  Each line indicates the distribution range at 
a Site while the dots indicate where the species was found only in a single core on the entire site (for all sampling sessions 
and Sites – 15 in total). Distances from the low-water mark to the high water mark were converted to percentages of 
intertidal width to standardize the graphs. A – Arabella iricolor, B – Emerita austroafricana, C – Gastrosaccus bispinosa, D – 
Bullia rhodostoma, E – Eurydice kenslii, F – Glycera tridactyla, G – Donax madagascariensis, H – Excirolana natalensis, I – 
Scolelepis squamata.  
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Table 5.5: SIMPER analysis results showing the pair–wise comparisons for the 
different strata. (Global R = 0.444, p-value = 0.001, 999 permutations from a large 
number, Statistics ≥ Global R = 0)  
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S2, S3 0.108 0.018 37442160 17 
S2, S4 0.266 0.001 37442160 0 
S2, S5 0.597 0.001 37442160 0 
S2, S6 0.649 0.001 20058300 0 
S2, S7 0.721 0.001 497420 0 
S3, S4 0.327 0.001 77558760 0 
S3, S5 0.663 0.001 77558760 0 
S3, S6 0.756 0.001 77558760 0 
S3, S7 0.857 0.001 1307504 0 
S4, S5 0.247 0.003 77558760 1 
S4, S6 0.427 0.001 77558760 0 
S4, S7 0.510 0.001 1307504 0 
S5, S6 0.073 0.049 77558760 48 
S5, S7 0.059 0.179 1307504 178 
S6, S7 -0.047 0.741 817190 740 
 
5.4 DISCUSSION 
Rare species or species with a very low abundance can greatly influence the data 
analysis. The two samples that were removed from the analyses contained only one 
species each, which made their isolation even more prominent. In most cases the 
outliers can be ignored or discarded to get a clearer picture of what is happening, 
especially when plotting MDS graphs. On the MDS graphs, being reduced to a 2D 
graph, the distance between the outliers and the other samples are far greater than 
the distance between the other samples among them, this gives the impression that 
they are very similar. The ordination values, all of which were below 0.2, indicate a 
clear separation between samples. However, several of these were caused by 
outliers. 
 
In terms of community distribution, the strata can be divided into three groups: the 
upper, middle and lower groups. This separation between the animals that occur 
lower on the beach and the ones occurring higher on the beach have been well noted 
for a long time (Brown & McLachlan 1990; Brown et al. 2004). Theses two groups are 
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known as Brown’s zones of aquatic and air breathers. The middle two strata, S4 and 
S5, appear to be an overlap region between the upper and lower groups.  
 
The higher similarity among the communities in the upper strata can probably be 
ascribed to the lower abundance and lower species richness; in several instances 
only one or two cores from the top two strata at any Site contained animals. This low 
diversity near the high-water mark may be due to the lack of wrack deposits on the 
beaches studied here. Kelp species, which are responsible for most of the wrack 
deposited on beaches, do not occur along the Transkei coastline (Bally 1987; Brown 
& McLachlan 1990; Branch et al. 2002). Very little if any wrack was noted above the 
high water mark during any of the sampling sessions. High supralittoral abundances 
are thus not likely because of the low wrack input (Defeo & Gomez 2005). 
 
The sampling took place on a macro-scale scale (between beaches) and on a meso-
scale (within beaches). Factors that would play a role in on a macro-scale would thus 
play a lesser role with regards to zonation patterns, while biological factors become 
more important (Defeo et al. 2003; Defeo & Gómez 2005). Patchiness, sorting by 
swash and other factors working on a small scale would thus play a more important 
role.   
 
The macrofauna of the two beaches did not differ significantly with regards to 
community composition. Only the individual strata showed separation between the 
lower and higher strata. The same pattern of separation between the lower and 
higher strata, which was seen with the MDS plots and Cluster diagrams of the two 
beaches individually, were also seen when the data from both beaches were 
combined.  
 
The two beaches were exposed to the same environmental conditions (Chapter 3). 
Factors such as location of estuaries and sub-tidal topography (having an influence 
on waves) seemed to have a negligible impact on the sandy beach macrofauna and 
their zonation. Input from the estuaries may thus have been diluted as it entered the 
sea and may have had a negligible impact on the beaches. It may also be argued 
that the two beaches also experienced similar biological relationships/interactions, 
such as primary production and recruitment. Another explanation for the lack of 
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differences between the beaches may be that, the dissipative areas on a beach may 
serve as a source area for sandy beach macrofaunal species and the more reflective 
areas may function as sink areas; there is, however, no evidence to support this 
(Defeo & McLachlan 2005). This would, however, imply that competition, which has 
only been demonstrated in a few instances (Brown et al. 2004; Dugan et al. 2004). 
 
None of the individual strata showed a significant separation between sampling 
sessions and/or beaches. A possible explanation for this may be that because the S6 
stratum is higher up along the intertidal it is more influenced by the terrestrial 
environment than the marine environment. The differences between the sampling 
sessions might be due to seasonal variations (Bamber 1993; Defeo & Lercari 2004). 
This would mean that the S7 strata should also show this separation, but the lower 
abundances for the S7 strata probably prevented this. The lack of separation 
between the two beaches and/or sampling sessions shows that the two beaches 
supported similar communities and have similar abundances. James & Fairweather 
(1996) found a similar species distribution pattern over an entire beach, the lack of 
separation with regards to community structure between the two beaches therefore 
agrees with their findings.  
 
Most of the previous studies on zonation patterns found three or four different zones 
(Bally 1983; McLachlan 1990; Jaramillo 1994). Although the MDS plots and Cluster 
diagrams showed only three macrofaunal zones, the SIMPER analysis showed the 
presence of four zones and a possible fifth one. Although stratum S5 was close to 
the significance level, no species were limited to this stratum. Nevertheless, 
Excirolana natalensis seems to be centered in this zone. It is likely that stratum S5 
may be a transition zone between stratum S4 and strata S6 – S7. 
 
It may be possible that if we had divided the intertidal zone into more strata that more 
zones may have been seen. The sampling methods used in this study are, however, 
very different from those used in previous studies. In the past, sandy beach studies 
tried to link physical variables with abundance, density and/or biomass; count 
species; and examine zonation patterns using data obtained by using the same 
sampling methods. Depending on the aims of a study the sampling methods may 
have to be adapted: studies linking physical variables with the sandy beach 
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community may only need to sample small areas; while studies doing species counts 
may need to sample much larger areas; and studies examining zonation patterns 
have to sample large areas with well-structured sampling designs. Methods for sandy 
beach sampling need to be adapted as our understanding of sandy beaches 
increases.  
 
Table 5.6 shows the species that characterize the five zones proposed in this study 
for the beaches studied. These zones may possibly only form or be more easily 
distinguished after a period of calm conditions. The few significant regressions seen 
in Chapter 4 suggested that the macrofauna of both beaches were showing a lagged 
response to the changing physical variables. 
 
Table 5.6: The typifying species characterizing the different zones 
Stratum Species Name 
S2 Dona madagascariensis, Glycera tridactyla, 
Tivela polita 
Bivalve / Mysid zone  
S3 Bullia rhodostoma Bullia zone  
S4 Emerita austroafricana Emerita zone  
S5 Excirolana natalensis Excirolana zone  
S6 – S7 Ocypode ryderi Ghost crab zone  
 
Only the more abundant species affected the results in the SIMPER analysis and 
thus the zonation patterns. Less abundant species can, however, also be 
characteristic of a given zone despite bearing less weight in the SIMPER analysis. 
The lowest zone, S2, is dominated by the bivalve Donax madagascariensis, a result 
similar to that of McLachlan et al. (1981) and McLachlan (1983). One species with 
low abundance that can be added to stratum S2 is Tivela polita. Stratum S2 can thus 
be called the Bivalve Zone. Stratum S3 can be characterized by Bullia rhodostoma. 
Together with Stratum 2 they can be classified as the Mollusc Zone. Although hippid 
crabs have great burrowing abilities and can inhabit almost any beach type (Dugan et 
al. 2004), they were centered round Stratum S4. Because the study focused on an 
intermediate beach this would suggest that this is their optimum zone. The isopod 
Excirolana natalensis characterized stratum S5, as was found by McLachlan et al. 
(1981) and McLachlan (1983). The upper shore is almost solely dominated by the 
ocypodid crab, Ocypode ryderi.  
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It may perhaps be easier to distinguish between different zones if less mobile species 
such bivalves and polychaetes are used to identify different zones. Species like 
Gastrosaccus bispinosa and Emerita austroafricana are highly mobile species and 
their distribution patterns may overshadow those of others. Polychaetes may perhaps 
be the best group to use in classifying the different zones on fine sediment beaches 
(Brown & McLachlan 1990). However, G. tridactyla was the only polychaete that 
characterized a stratum. Polychaetes may thus not be used successfully to 
characterize the different zones along the Transkei coastline.  
 
Several species, such as Gastrosaccus bispinosa (which also occur subtidally) and 
Emerita austroafricana, are low-shore species, but were found in the mid- and high-
shore. The genus Emerita is also noted for tidal migrations (McLachlan 1990). It is 
this distribution of the species that highlights how mobile (McLachlan et al. 1993) 
sandy beach animals are and how difficult it is to distinguish different zones (Wendt & 
McLachlan 1985; Brown & McLachlan 1990; Brazeiro & Defeo 1996; Defeo & 
McLachlan 2005).  
 
The distribution of Eurydice kenslii is irregular, focused lower down the shore at 
some Sites and higher up at others, although the abundance remained higher in the 
low shore area. It is possible that they displaced or were displaced by another 
species, possibly Excirolana natalensis, resulting in a change in the community 
structure. These two species’ distributions do overlap towards the middle area of the 
intertidal. However, this distribution cannot infer the presence of competition between 
the two species, nor can it disprove it (Brown et al. 2004; Dugan et al. 2004). It does, 
however, lend itself for supporting the findings of Defeo et al. (1997) that distribution 
patterns on sandy beaches may not be fully explained by simple animal-physical 
relationship. 
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CHAPTER 6: GENERAL DISCUSSION 
It was expected that there would be significant differences between the Sites but not 
between the two beaches. However, there were only a few significant differences 
between the physical measurements of the different sampling sessions and Sites. 
This low number of significant differences between Sites and the few correlations 
between the physical variables could have been the result of the low sampling 
sessions (Nel 2001; McLachlan & Dorvlo 2005). Another explanation may be that 
because the Sites are not independent replicates, the macrofauna respond to 
changes in physical variables in unison.  
 
The physical variables were also measured to examine if they could predict species 
richness, abundance or density; and to test if there were significant differences 
between the two beaches. It was found that the physical variables and composite 
indices made for weak predictors of species richness, abundance and density. The 
composite indices vs. macrofaunal abundance and density had more significant 
regressions than the physical variables individually, but still only a few regressions 
were significant. Physical variables and composite indices were thus weak or unable 
to predict the species richness, abundance or density in this study; unlike previous 
studies which found physical variables or composite indices to be good predictors of 
species richness, abundance and density (McLachlan 1990, Jaramillo & McLachlan 
1993, Nel 2001, McLachlan & Dorvlo 2005). Possible explanations would be that 
there are some distribution patterns that cannot be explained by physical variables 
(Defeo et al. 2001), the low number of sampling sessions may have also played a 
role, and the fact that replicates were pseudo-replicates and not true replicates. This 
study was done on a macro-scale and it has been postulated (Defeo et al. 1997; 
Defeo & McLachlan 2005) that on a large scale species richness is controlled by 
physical features, while biological interactions become more important on a smaller 
scale and under more dissipative conditions. The distribution of two isopod species, 
Eurydice kenslii and Excirolana natalensis found in this study, may suggest such an 
interaction, although no testing was done to examine biological interactions.  
 
Several more species were recorded in this study compared to the previous studies 
along the Transkei coastline (Dye et al. 1981, Wooldridge et al. 1981). Four possible 
explanations are put forward: Firstly, different sampling methods were used. The 
 102 
sampling methods used in this study are more advanced than the linear transect 
methods used in the previous studies. However, the random stratified sampling 
method has been used in relatively few studies (James & Fairweather 1996) and still 
need to be developed further. Secondly, snapshot sampling was done for most of the 
previous studies while this study used data from three consecutive sampling 
sessions. The snapshot sampling may exclude seasonal species and give a lower 
species richness compared to if the sampling was done during another season, and 
vice versa. However, seasonal variation could not be tested as there were not 
enough replicates, but seasonality has been demonstrated to play a significant role in 
the distribution of sandy beach macrofauna (Bamber 1993; Defeo & Lercari 2004). 
Snapshot sampling can, however, still be used, depending on what the study aims to 
examine. Thirdly, it may possibly be that there were simply not that many species 
present during the previous studies, possibly due to seasonal variation. Fourth, a 
larger surface area was sampled here compared to previous studies.  
 
This study also examined the macrofaunal zonation patterns found on the two 
beaches and compared them to those found previous studies. Only four sandy beach 
macrofaunal zones were detected, the same number that some previous studies 
recorded (James & Fairweather 1996), there was a strong possibility of a fifth zone. 
This fifth zone was not considered to be significant as it was only close to the 
significance threshold and none of the species that occurred in it were limited to it. 
The macrofaunal zones found on these two beaches, classified as intermediate 
beaches, may have been compressed as opposed to if they were found on a more 
dissipative beach (Brown & McLachlan 1990; Brazeiro & Defeo 1996; Defeo & 
McLachlan 2005). This might explain why the fifth zone was not significant. If the 
intertidal were divided into more strata, more sandy beach macrofaunal zones may 
have been detected. Thus it may be possible that in future studies, that make use of 
the random stratified sampling method and that divide the intertidal into more strata, 
may find several more zones on intermediate and dissipative beaches than what was 
found in this study. Thus the random stratified sampling method still needs to be 
developed and improved.  
 
Many of the sandy beach sampling methods still need to be developed further. The 
depth to which sand samples and biological samples were taken is an example of 
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such a method. Cores for the biological samples were taken to a depth of 30 cm, but 
sand sample cores were only taken to about 10 cm, as was done in previous studies 
because most of the sandy beach animals occur only in the top layer (McLachlan 
1983; Brazeiro 2001). Although not quantitatively measured, many of the cores, for 
the biological sampling, especially those taken lower down the beach, contained very 
coarse sand/gravel with a thin top-layer of fine sand. This means that the mean sand 
particle size measured in this study may not be a true reflection of the habitat in 
which the macrofauna was sampled in. For future studies it may be better to take 
sand samples to a greater depth to prevent short-term environmental changes from 
masking long-term patterns. The opposite is also true if only short-term patterns are 
considered. It may be best to take sand samples to the same depth to which 
biological samples were taken. It might also be worth looking at the stratification of 
the sand. Aspects such as deposition and erosion of sand will then also have to be 
measured over a long period. 
 
Because sandy beach sampling is dependent on tidal cycles and weather conditions, 
locally and far off, and it is not always possible to sample consistently. Tidal cycles 
may also prevent sampling from taking place during the day time. This is, however, 
when there is the least activity among the resident fauna and the invasion of surf-
zone fauna is also at a minimum (Brown & McLachlan 1990).  There have been few 
studies to date that have sampled at night. Takahashi & Kawaguchi (2001) sampled 
at night for the swimming crab, Ovalipes punctatus. These crabs are found just below 
the intertidal, but their peak abundance is between 5 and 60 m. They found that, 
making use of gut content analysis, the crabs invaded the swash zone at night to 
feed on a wide variety of animals which included fish, molluscs, amphipods, isopods 
and mysids (Takahashi & Kawaguchi 2001). This is just one example of a predator 
that invades the intertidal zone at night to feed. The nocturnal isopod, Tylos 
capensis, and the crab, Ocypode ryderi, are scavengers that occur from the drift line 
into the fore-dunes (McLachlan et al. 1981). These animals feed at night on seaweed 
that has been washed up on the beach (McLachlan et al. 1981). When they emerge 
from the sand at night they are more than likely to attract several predators. If the 
food supply is abundant enough then it is possible that these animals may occur in 
very high densities. If this is the case, it may happen that the highest abundance of 
animals occurs higher up on the beach than lower down (Defeo & Gómez 2005). 
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Along the South African coastline this higher abundance above the high-water mark 
will probably only happen on the West coast as this is where kelp grows in 
abundance. 
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APPENDIX 
 
Appendix 1: Species recorded along the southern African coastline, from previous 
studies as well as the present study 
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Acanthoscelis ruficornis  ●        
Amphipolis squamata      ●    
Anthuridae sp.   ●      
Arabella iricolor        ● 
Austrocuma platycepts  ●        
Bathyporeia sp.      ●   
Bullia digitalis ●   ●  ● ●  
Bullia laevissima      ●   
Bullia natalensis  ●     ●  
Bullia rhodostoma     ● ●  ● ● 
Bullia pura     ● ●  ●  
Bullia tenuis   ●   ●   
Calianassa kraussi      ●   
Capitella capitata        ● 
Ceratonereis      ●    
Cerebratulus fuscus ●  ●      
Cerebratulus sp.    ●   ●  
Charibarbitus celetus  ●     ●  
Cirriformia tentaculata      ●   
Coelopa Africana      ●   
Culicus profundus   ●      
Cumopsis robusta  ●        
Cumopsis sp.   ●   ●   
Dispio magna      ●   
Donax madagascariensis  ●   ●  ● ● 
Donax serra ●  ● ● ● ● ●  
Donax sordidus     ● ●  ●  
Emerita austroafricana  ●     ● ● 
Euclymene sp.      ●    
Eurydice barnardi      ●   
Eurydice kenslii      ●  ● 
Eurydice longicornis ●  ● ●   ●  
Eurydice sp.     ●    
Excirolana latipes / 
Pontogeloides latipes 
●  ● ● ● ● ● ● 
Excirolana natalensis ● ● ● ● ● ● ● ● 
Exosphaeroma laevisculum      ●   
Exosphaeroma truncatitelson      ●  ● 
Gastrosaccus bispinosa  ●     ● ● 
Gastrosaccus brevissura      ●   
Gastrosaccus longifissura        ●  
Gastrosaccus psammodytes ●  ● ● ● ● ●  
Glycera convolute   ●   ●   
 114 
Appendix 1: (continued) 
Glycera sp.  ●   ●  ●  
Glycera tridactyla         ● 
Halioplasma caecus      ●   
Hippa adactyla        ●  
Lumbrineris sp.      ●    
Lumbrineris tetraura   ●   ●   
Lysianassa ceratina    ●      
Lysianassa sp.   ●      
Magelona papilicornis      ●   
Maldanidae sp.   ●      
Mandibulopoxus stimpsoni   ●      
Mandibulopoxus sp.     ● ●   
Mesopodopsis slabberi      ●   
Myodocopina      ●   
Nematodes  ●        
Nemertinea      ●   
Nephtys sp.     ●  ●  
Nephtys capensis ●  ● ●  ●   
Niambia sp. ●     ●   
Ocypode ceratophhthalma       ●  
Ocypode ryderi   ●     ● ● 
Oligochaetes  ●        
Orbinia angrapequensis      ●   ● 
Ovalipes punctatus        ●  
Ovalipes trimaculatus      ●    
Pachypaleria capensis ●        
Paramoera capensis    ●      
Paraonides lyra capensis      ●   
Phoxocephalidae sp.   ●     ● 
Pisione Africana        ● 
Pisionidens indica         ● 
Platyischnopus herdmani      ●    
Prionospio saldanha      ●   
Pseudoharpinia excavata  ●        
Scolelepis squamata ●  ● ● ● ●  ● 
Scoloplos sp.     ●    
Sigalion capense ●  ●   ●   
Sternaspis scutata      ●   
Talorchestia australis      ●   
Talorchestia capensis ●    ●   ● 
Talorchestia quadrispinosa ●  ● ●  ●   
Tellina trilatara   ●      
Tivela polita   ●     ● ● 
Tylos capensis    ● ●  ●  
Tylos granulatus ●  ●   ●   
Urothoe grimaldii   ●        
Urothoe sp.   ●●  ● ●   
Urothoe tumorosa      ●   
Unknown Species     4   3 
Total (Marine Species) 22 9 26 14 28 38 24  19 
Transects / Sites 3 3 7 4 6 10 4 15 
Species per transect / Site 17 - 22 1 - 9 8 - 18 7 - 12 12 - 21 4 -18 7 - 11 8 - 15 
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Appendix 2: Species Count for the different sites and sampling sessions 
 
June 2003 February 2004 June 2004  
Species AN AM AS AN AM AS BN BM BS AN AM AS BN BM BS  
Amphipod A       X         1 
Arabella iricolor X X  X X X X X  X X X   X 11 
Bullia rhodostoma X X X X X X X X X X X X X X  14 
Capitella capitata X         X      2 
Donax madagascariensis X X   X  X X X X   X X X 10 
Emerita austroafricana X X X X X X X X X X X  X X X 14 
Eurydice kenslii X X X X X X X X X X X X X X X 15 
Excirolana natalensis X X X X X X X  X X X X X X X 14 
Exosphaeroma truncatitelson           X   X  2 
Family Phoxocephalidae X      X X X X  X  X  7 
Gastrosaccus bispinosa X X X X X X X X X X X X X X X 15 
Glycera tridactyla X X X X X X X X X X X X  X X 14 
Ocypode ryderi    X X X X X X X X  X X  10 
Orbinia angrapequensis   X            X 2 
Pisione Africana   X             1 
Pisionidens indica      X    X  X    3 
Polychaete A         X      X 2 
Polychaete B X               1 
Pontogeloides latipes  X   X X  X X X   X  X 8 
Scolelepis squamata X X X X X X X X X X   X X X 13 
Tivela polita       X X X X      4 
Talorchestia capensis X X        X X     4 
Species Count 13 11 9 9 11 11 13 12 13 16 10 8 9 11 11  
Species found > 5 times 10 10 7   9 11 10 11 11 11 12 8 7 9 10 9  
Species found > 10 times 9 9 7 9 10 9 10 9 9 10 8 6 8 9 8  
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Appendix 3: SIMPER analysis results – Species contributing ≥ 10% of the dissimilarity 
 
Strata Species 
Mean 
Abundance 
Lower 
stratum 
Mean 
Abundance 
Higher 
stratum 
Average 
Dissimilarity Diss/SD Contributing % Cumulative % 
S2 - S3 
Bullia rhodostoma 84.12 245.30 12.26 1.17 19.43 19.43 
Eurydice kenslii 126.40 162.02 11.14 1.28 17.66 37.08 
Glycera tridactyla 122.85 38.56 8.90 1.30 14.11 51.19 
Gastrosaccus bispinosa 111.83 118.27 8.54 1.09 13.54 64.73 
Donax madagascariensis 82.98 20.20 6.35 0.86 10.06 74.79 
S2 - S4 
Eurydice kenslii 126.40 132.28 14.09 1.35 19.56 19.56 
Glycera tridactyla 122.85 13.46 9.45 1.28 13.12 32.68 
Gastrosaccus bispinosa 111.83 35.20 8.60 0.94 11.94 44.62 
Excirolana natalensis 4.44 36.83 8.40 0.75 11.67 56.29 
Emerita austroafricana 27.38 28.34 7.67 0.86 10.66 66.95 
S3 - S4 
Bullia rhodostoma 245.30 4.87 12.75 1.07 17.96 17.96 
Eurydice kenslii 162.02 132.28 12.32 1.32 17.36 35.32 
Gastrosaccus bispinosa 118.27 35.20 10.17 0.98 14.33 49.66 
Excirolana natalensis 2.93 36.83 8.39 0.75 11.82 61.48 
Emerita austroafricana 29.32 28.34 7.59 0.83 10.70 72.17 
S2 - S5 
Excirolana natalensis 4.44 106.59 26.23 1.49 29.71 29.71 
Eurydice kenslii 126.40 18.82 11.41 1.07 12.92 42.63 
Glycera tridactyla 122.85 2.32 10.19 1.32 11.54 54.18 
S3 – S5 
Excirolana natalensis 2.93 106.59 26.32 1.49 30.23 30.23 
Bullia rhodostoma 245.30 14.17 12.68 1.09 14.56 44.79 
Eurydice kenslii 162.02 18.82 10.38 1.35 11.92 56.71 
S4 – S5 
Excirolana natalensis 36.83 106.59 22.68 1.43 30.10 30.10 
Eurydice kenslii 132.28 18.82 15.23 1.29 20.22 50.33 
Emerita austroafricana 28.34 17.82 8.17 0.89 10.84 61.17 
S2 – S6 
Excirolana natalensis 4.44 125.93 28.12 1.31 29.28 29.28 
Eurydice kenslii 126.40 4.89 13.73 1.05 14.29 43.56 
Ocypode ryderi 0.00 25.02 12.41 0.70 12.92 56.49 
Glycera tridactyla 122.85 1.10 10.31 1.33 10.73 67.22 
S3 – S6 
Excirolana natalensis 2.93 125.93 28.18 1.31 29.27 29.27 
Eurydice kenslii 162.02 4.89 13.33 1.30 13.85 43.12 
Bullia rhodostoma 245.30 0.00 12.90 1.06 13.40 56.52 
Ocypode ryderi 2.93 25.02 12.42 0.70 12.90 69.42 
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Appendix 3: (continued) 
 
S4 – S6 
Excirolana natalensis 36.83 125.93 25.54 1.39 30.37 30.37 
Eurydice kenslii 132.28 4.89 17.53 1.38 20.85 51.21 
Ocypode ryderi 2.38 25.02 12.52 0.72 14.89 66.10 
S2 – S7 
Excirolana natalensis 4.44 67.22 34.58 1.72 35.46 35.46 
Eurydice kenslii 126.40 5.24 11.99 1.06 12.30 47.76 
Ocypode ryderi 0.00 13.35 11.57 0.71 11.87 59.63 
Glycera tridactyla 122.85 0.00 10.44 1.33 10.70 70.33 
S3 – S7 
Excirolana natalensis 2.93 67.22 34.65 1.72 35.57 35.57 
Bullia rhodostoma 245.30 0.00 12.90 1.06 13.24 48.82 
Ocypode ryderi 2.93 13.35 11.59 0.72 11.90 60.72 
Eurydice kenslii 162.02 5.24 11.52 1.48 11.83 72.55 
S4 – S7 
Excirolana natalensis 36.83 67.22 30.22 1.69 36.08 36.08 
Eurydice kenslii 132.28 5.24 16.26 1.37 19.41 55.49 
Ocypode ryderi 2.38 13.35 11.66 0.74 13.91 69.40 
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